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Now... 
choose from 


five 


Speedomax 


X-Y Recorders 


@ Plotting X as a function of Y? Then one of 
these 5 types of Speedomax X-Y Recorders 
will answer your data plotting needs . . . will 
relieve you of time-consuming point-by-point 
plotting. You may require: a standard in- 
strument for routine research and testing; a 
special recorder for low level emf, pH, load 
or other measurements; an X,-X.-Y Re- 
corder for plotting two variables against an- 
other variable; a X-Y recorder that readily 
converts into an X-Time recorder for all 
‘round laboratory use; or a Polar Recorder 
that plots a function against angular dis- 
placement. 

The listed specifications may help you 
determine which X-Y recorder meets your 
specific requirements. 


2 e@ SPECIALIZED X-Y RECORDERS 


MEASURING CIRCUITS—Either d-c poten- 
tiometer or Wheatstone bridge for X axis, for 
Y axis, or for both. 


RECORD-—Single-point curve drawing or mul- 
tiple-point printing (up to 24 points) on X axis. 
RANGES—X axis: 100 uv min., 1000 mv max. 
Y axis: 1 mv min., 1000 mv max. 
Additional ranges are available by using volt boxes, 
pre-amplifiers or high-impedance high-gain recorder 
amplifiers. Consult L&N Field Engineers about 
applications. 
BALANCING SPEEDS—3, 2, or 1 second on 
X axis; 4 seconds on Y axis. 


3. X.-K.-¥ RECORDERS 


MEASURING CIRCUITS—3 separate meas- 
uring and balancing systems for operating the 
X, and X, pens across the chart and the Y (or 
vertical) chart movement. 


RANGES—Consult your L&N Field Engineer. 
BALANCING SPEEDS—3, 2, or 1 second for 
X; and X, functions; 4 seconds for 10” of chart 
motion on Y axis. 


4. AN X-Y AND X-TIME RECORDER 


A kit of parts is available for field conversion of 
a standard or specialized X-Y recorder into a 
conventional X-Time instrument. The Y axis 
chart drive is replaced by a synchronous motor 
chart drive with chart speeds ranging from 2” 
to 3600” per hour. Plugs facilitate connecting 
the Y function or Time function as needed. 


5. SPEEDOMAX POLAR RECORDER 


MEASURING CIRCUITS—D-C potentiome- 
ter, Wheatstone bridge or adjustable slidewire 
attenuator for r axis. 6 axis or chart rotation 
(with zero at chart center) uses a synchro-servo 
system 

RANGES—emf measurements, as specified. 
Null current measurements: 0 to 1, 0 to 2, or 0 
to 5 ua. Power level measurements: 0 to 50 db. 
BALANCING SPEEDS—r axis: 2 seconds for 
5” pen travel. 

© axis: 60 angular degrees per second with full 
chart rotation of 360 degrees. 


I. STANDARD X-Y RECORDER 
MEASURING CIRCUITS—D-C potentiome- 
ter for both X and Y axis 

RANGE SPAN—10 mv d-c on both X and Y 
axis. Circuits are modified for convenient field 
choice of zero left or zero center on X axis, zero 
bottom or zero center on Y axis 

BALANCING SPEEDS—1 second on X axis, 
4 seconds on Y axis 

OPERATING AIDS—Chart tear-off device and 
solenoid-operated pen-lifter 


For more complete information on this versatile 
line of Speedomax X-Y Recorders, ask our near- 
est Sales Office for Data Sheet E-ND46(1) or 
write to Leeds & Northrup Co., 4992 Stenton 
Ave., Philadelphia 44, Pa. 


mT 
TS) 
LEEDS ... NORTHRUP 


automatic controls » furnaces 


INDEX TO ADVERTISERS 


PAGE 


Ajax Engineering Corp. ........ ii 
UR TRAEIG Sis se cies conc oveees & 
Atlas Photo Engraving Co. ..... ix 
Bell Telephone Laboratories .... 
Bolger-Parker Co. .......0006:: ix 
Buten, M., & Sons 

Coleman, W. B., & Co. ......... 
Damon & Foster 

ee ee ee eee 
Eggly-Furlow Engineers 

Fehr & Johnson, Inc. ........... 
Fidelity-Philadelphia Trust Co. . 
FRANKLIN INstITUTE, Awards .. 


INsTITUTE, Labora- 
Fourth cover page 


FRANKLIN 
tories 


PAGE 


INSTITUTE, Member- 
Third cover page 


FRANKLIN 


Harris-Dechant Associates 
Herbach & Rademan 

Hess & Barker 

Kearney Lumber Co. ........... 
Lancaster Press, Inc. ........... 


Leeds & Northrup Co. 
Second cover page 


Leopold, Charles S. 

| Ro Ee ee 
Shanahan & Co. 

Steinberg, Albert, and Company . 
Thomas, Arthur FE Co. ....:... 


Yarnall-Waring Co. ............ 


Entered as second-class matter March 14, 1928, at the post office at Lancaster, Pa., under act 


of March 3, 1879. 


paragraph (d-2), section 34.40, P. L. & 


Acceptance for mailing at —< rate of postage 
L R. 0 


rovided for in 


1948, authorized on July 3, 1919. 


JouRNAL OF THE FRANKLIN INSTITUTE 


The Furnace that Stina Jiself ! 


ELECTROMAGNETIC PRESSURE 
CIRCULATES MOLTEN METAL 


TWIN COIL INDUCTORS 
Lead Non-Ferrous Melting 


The sectional view above shows the 
twin coil stirring action of the 100 
kW Ajax-Tama Wyatt 60 cycle in- 
duction furnace. Heat induced in 
the secondary channels below is 
conveyed throughout the melt by 
electromagnetic circulation as 
shown by the arrows. It is one of 
a family of twin coil furnaces avail- 
able today for melting rates from 
300 to 10,000 Ibs. per hour. 


For Further 


— In this 60 Cycle — 


Heat is generated only in the 
melting channels. Controlled 
stirring (neither too much nor 
too little) guarantees uniformity 
of metal temperature and alloy 
composition and also leads to 
efficient melting of light scrap. 
Tiresome puddling is elimi- 
nated. The metal is held en- 
tirely in an inert refractory 
lining. The atmosphere is cool 
and free from contaminating 
gases. 


No Other Method 
Enables such Completely 


CONTROLLED MELTING 


Today, AJAX builds a complete line 
of these time-tested furnaces in 
standard sizes up to 333 kW for 
the dependable melting of alumi- 
num, brass, copper and zinc. Units 
for special applications are care- 
fully engineered to specifications. 


Information 


Send for Bulletin R-43 


AJAX ENGINEERING CORP., Trenton 7, N. J. 
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and transformers— 
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Whiskers on tin-plated steel, enlarged 6 times. Immense yield strength of 
metals in whisker form was discovered by Bell scientists. 


The clue of the metal whiskers 


Close observation at Bell Laboratories 
often turns “tremendous trifles” into 
important scientific progress. Such a 
case occurred when short circuits in 
wave filters seemed to be associated 
with a zinc-plated mounting bracket. 


Scrutiny disclosed a whiskery growth 
on the zinc plating. Similar whiskers 
of tin were found on tin-plated equip- 
ment. Studies showed the whiskers to 
be tiny single crystals of metal. 

Suspecting that these unusual crys- 
tals might be of essentially perfect 
structure, alert Laboratories scientists 
saw an opportunity at last to test an 
important metallurgical theory. 

The scientists studied the whiskers, 
grew larger ones, and showed that the 
crystals had enormously high yield 
strength as predicted by the theory for 
perfect crystals —a strength far greater 
than for the same metal in any other 


improving telephone service for America provides careers for creative men in scientific and technical fields 


BELL TELEPHONE LABORATORIES 


known form. This clue has opened new 
frontiers in the study of what makes 
metals strong or weak, and has excited 
metallurgists all over the world. 


Thus, another advance comes from 
the Bell Telephone Laboratories habit 
of scrutinizing everything that can 
mean better telephone service. 


Through the study of thousands of specially cul- 
tivated whiskers, Bell scientists seek to prevent 
treacherous growths in telephone equipment. 
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see overhead boiler water gages... right in 
front of your eyes on the instrument panel or 
other convenient place. 

Operated by the boiler water itself... by the 
pressure differential between a constant head 
of water and the varying head of water in 
the boiler drum. 

Indicating mechanism is never under pres- 
sure, due to unique magnetic transmission 
from pressure side to indicating side of instru- 
ment. Action is instant, constant, frictionless. 
There are no stuffing boxes. Mechanism is per- 
fectly balanced on jewelled bearings outside 
of the pressure chamber. Suitable for all 
pressures up to 1500 psi. Bulletin WG-1823. 
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GAME PLAYING MACHINES * 


BY 
C. E. SHANNON! 


The design of game playing machines may seem at first an enter- 
taining pastime rather than a serious scientific study and, indeed, many 
scientists, both amateur and professional, have made a hobby of this 
fascinating subject. There is, however, a serious side and significant 
purpose to such work, and at least four or five universities and research 
laboratories have instituted projects along this line. If Benjamin 
Franklin were alive today, I am sure he would be interested in this 
problem for it combines two of his avocations. We are all familiar 
with his achievements as a scientist and an inventor; it is not so well 
known that he was also a strong chessplayer. Indeed, he is the author 
of an engaging essay called ‘“The Morals of Chess’’—a blend of diplo- 
macy and chess that might well have been subtitled ““How to be Happy 
Even Though a Chessplayer.”’ 

One of the most important technological advances of the last 
twenty years has been the development of large scale electronic com- 
puting machines. These computers are capable of carrying out 
automatically and at the speed of thousands of operations per second 
a long sequence of numerical operations. The series of instructions 
which tells the computer exactly what it should do is called the program. 
When a computer is to solve a problem, a program must first be devised 
which translates the solution into a series of simple operations. These 
basic orders might consist of the elementary operations of arithmetic, 
addition, multiplication and the like, and also ‘‘decision”’ orders which 
enable the machine to make a choice between two alternatives, the 
choice depending upon the results of previous calculations. When the 


* Delivered at the 1955 Medal Day Meeting, October 19, 1955, in acceptance of the 
Stuart Ballantine Medal. 

1 Bell Telephone Laboratories, Murray Hill, N. J. 

(Note—The Franklin Institute is not responsible for the statements and opinions advanced by contributors in 
the JouRNAL.) 
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program is introduced into the machine, it carries out the instructions 
one by one at,high speed. 

Electronic computers are normally used for the solution of numerical 
problems arising in science or industry. The fundamental design of 
these computers, however, is so flexible and so universal in conception 
that they may be programmed to perform many operations which do 
not involve numbers at all—operations such as the translation of 
language, the analysis of a logical situation or the playing of games. 
Thejsame orders which are used in constructing a numerical program 
may be used to symbolize operations on abstract entities such as the 
words of a language or the positions in a chess game. 

Programming computers to perform such non-numerical tasks is 
valuable in a number of ways. It widens our understanding of the 
capabilities of this amazingly flexible tool, the general purpose com- 
puter; it seems certain that we have only scratched the surface of the 
potentialities of such computing devices and each new application 
leads to new understanding. Also, this wider use of the computers 
suggests useful changes in their design; new types of orders which will 
enhance their value in these more unusual programs and even in the 
ordinary numerical problems. Finally, we hope that research in the 
design of game playing machines will lead to insights in the manner 
of operation of the human brain. It would, of course, be naive to 
expect that the brain operates in a manner similar or even vaguely 
analogous to that of a machine designed to play a game. It is never- 
theless certain that the design of any learning machine will illuminate 
the path toward the understanding of brain functioning. 

Perhaps the earliest game playing machine was the chessplaying 
Automaton of Maelzel. This was a device constructed in 1769 by the 
Austrian inventor von Kempelen and exhibited widely in Europe and 
America by the promoter Maelzel. A large mechanical figure seated 
at a desk would play chess against human opponents. Before the 
performance the desk and figure were opened to show that there was 
no one inside. In its games, the machine usually won. The automaton 
created quite a sensation at the time and a number of theories were 
proposed to explain its operation. Among these, for example, was an 
essay by Edgar Allen Poe who concluded correctly (although in part 
by fallacious arguments) that the machine was a hoax and in fact was 
operated by a human chessmaster cleverly concealed inside. This 
was indeed the case, the effect being produced as in many cases of 
magical tricks by moving the chessmaster about within the machine 
as the various compartments and doors were opened for inspection. 
After many adventures, including some games with the Emperor 
Napoleon, the automaton ended up in a place called the Chinese 
museum here in Philadelphia and was finally destroyed by fire in 1854. 

A modern counterpart to the Maelzel Automaton came to my 
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attention a few years ago. A friend in California wrote me that a 
checker playing machine had been exhibited there both in local depart- 
ment stores and on television. Almost invincible, it had even played 
the United States checker champion a drawn match and was widely 
accepted as an authentic electronic computer. Having investigated 
the problem of programming machines for chess and checkers, I was 
rather skeptical, particularly in view of the reported strength of play 
and portability, and suggested an investigation of the device. After 
considerable detective work, my friend finally tracked down the checker 
player in an old warehouse. He reported that the only electronic 
component was an electric fan to keep the concealed human operator cool ! 

Apart from such hoaxes, game playing machines may be divided 
into three main types depending on their level of sophistication. The 
simplest type of machine is that designed for games which have been 
completely analyzed. By this we mean that a complete strategy of 
play of relatively simple nature is known, a strategy of play which 
dictates an appropriate move for each situation in the game. This is 
the case, for example, in tic-tac-toe, in the match game of Nim and in 
a number of other mathematical games. In cases such as these, one 
can translate the known strategy into a program for a general purpose 
computer or into a special purpose computer so that the machine will 
make the correct move for each situation in the game. This type of 
machine will typically play a perfect game. It will win whenever it 
is possible to win. 

One of the first machines of this type was developed about 1914 
by a Spanish inventor Torres y Quevedo. It was a machine which 
played the end game in chess of king and rook against king. This 
end game is a relatively easy one and the proper moves can be described 
with only a few simple rules. The Torres machine translated these 
rules into a switching circuit—while by today’s standards the device 
seems simple, it was certainly a remarkable invention for that period. 

Another game susceptible of complete mathematical analysis is the 
game of Nim and many Nim-playing machines have been constructed. 
The first, I believe, was one exhibited at the World’s Fair in New York 
in 1939. The game of Nim was analyzed early by mathematicians, 
who found that the correct strategy of play could be stated quite simply 
in terms of the binary notation for numbers. Relay circuits are most 
naturally adapted to the binary notation and consequently it was an 
easy step to translate the mathematical strategy for Nim into a relay 
circuit. Most of the Nim machines which have been built*play a 
perfect game in the sense of winning whenever it is possible, but they 
usually give the human opponent a starting position that he can win 
if he plays without error. If he makes a single error the machine 
seizes the initiative and will win the game.’ 


? Here the speaker demonstrated a small Nim playing machine. 
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The familiar game of tic-tac-toe is a favorite among amateurs and 
hobbyists for machine construction. The game can be completely 
analyzed by enumeration of all possible lines of play. When the 
symmetry of the board is taken into account the number of such 
variations is relatively small. One of the earliest tic-tac-toe machines 
was designed by W. Keister about fifteen years ago and I have here 
a tic-tac-toe machine using Keister’s circuit. In this machine the 
human player has first move and the machine will always at least 
draw the game. If the player makes a serious mistake, however, the 
machine will win. It also has ‘‘anti-cheat’’ features built in. If one 
attempts to make two moves at once, a “‘tilt’’ light goes on.’ 

The second main class of game playing machines relates to games 
for which a complete analysis is unknown but for which certain general 
principles of play or maxims of sound strategy are available. This 
includes most of the games of every day interest such as checkers, 
chess, bridge, or poker. A machine for playing chess by such general 
principles would investigate, in a given position, the different moves 
it could make, the different replies available to its opponent, and so 
on for two or three moves. At the end of each of these variations it 
might apply an ‘evaluation function” to the resulting positions. It 
would choose as its move that one which leads to the position of highest 
value, when its opponent is assumed to play in such a way as to mini- 
mize this value. This is a kind of minimax procedure familiar in the 
theory of games. Insofar as the evaluation function or the general 
principles of play are not infallible, a machine designed along these 
lines would not play a perfect game. It might be expected, however, 
to make tolerably good moves if the general principles were carefully 
thought out. 

One example of a machine playing by general strategic principles of 
the type just mentioned is the checker playing routine devised by C. 
S. Strachey for use on a large scale computing machine. The first 
game played by Strachey’s routine gave the indication of reasonably 
good play in the opening and middle game but very poor play in the 
end game. It is evident that a rather different type of program should 
be used in the later stages of play. 

Another checker playing routine has been devised by A. L. Samuel 
and it is rumored that a match is being arranged between the two 
machines. There is a possibly apocryphal story with regard to Dr. 
Samuel’s program. When he first introduced it into a computing 
machine and pressed the start button for the machine to give its first 
move the computer operated furiously for a few minutes and then 
printed out “I resign!’’. 

Another quite different general principle type game player was 
designed by E. F. Moore and myself. It is a special purpose machine 


3 Here the lecturer demonstrated the operation of the tic-tac-toe machine. 
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designed to play a game of Hex. Hex is a game played on a board 
laid out in a regular hexagon pattern. Two players alternate in play- 
ing men on the hexagons. One player uses yellow men and the other 
uses blue men. The object of the yellow player is to form a connected 
path of yellow men from the top of the board to the bottom. The 
object of the blue player is to form a connected path of blue men 
between the two sides of the board. After some study of this game 
Moore and I conceived the idea of representing the board by a resistance 
network and the placement of men by voltages applied to corresponding 
points of the network; + voltage for the yellow men and — voltage 
for the blue men. We suspected that certain saddle points in the 
potential field produced in this resistance network would correspond 
to good moves in the game. A simple device was built embodying 
this network and it turned out that the machine played a tolerably 
good game. It would win when it had first move perhaps 70 per cent 
of the time against laboratory visitors. With second move its score 
was perhaps 50 per cent or less. We were often agreeably surprised 
to find the machine selecting moves which at first looked weak but 
careful analysis proved sound and strong. Indeed in one early position 
of the game the machine ‘‘discovered’”’ a move which is better than 
any we had used in that position and which we now normally adopt. 

The third and most sophisticated type of game playing machine is 
one which learns its own principles of play. Only the rules of the 
game and the desired goal are introduced into the program, together 
with some general principles of how to improve the play through 
experience. The machine is then allowed to play many games and by 
trial and error, by imitation of its opponent, by analysis of its failures 
or by other means it is supposed to gradually improve its playing skill. 
Although this problem has been discussed a good deal, no machines 
quite coming up to these specifications have been actually designed. 
The problem is one of great difficulty and the cost of carrying out such 
a research program would be great. However, at a somewhat more 
elementary level, learning machines have been built. Two examples 
of these will be described. 

D. W. Hagelbarger has developed an interesting device which plays 
the game of matching pennies against a human opponent. In the 
ordinary game of matching pennies two players expose coins at the 
same time. They may arrange to have either the heads or the tails 
facing up when the coin is exposed. If the two coins are the same, 
one player wins. If they are different the second player wins. In 
actual play this results in a kind of psychological outguessing game. 
The player who can predict his opponent’s reactions better will in the 
long run win. Hagelbarger’s machine plays this game substituting 
lights and switches for the coins. The machine has memory registers 
in which are stored some of the results of the play against its opponent. 


452 C. E. SHANNON (J. F. 1 


As it plays against the opponent these results are analyzed in the 
machine in an attempt to find certain patterns or psychological tenden- 
cies on the part of the human player. For example, one individual 
might have a tendency if he had won twice in a row to change from 
heads to tails. Another individual might have just the opposite ten- 
dency. The outguessing machine searches for such tendencies and 
those that it finds it exploits in future play. Thus, it assumes that in 
the future the human player will follow the tendencies he has exhibited 
in the past and the machine plays in such a way as to win if he in fact 
does so. In actual play the penny matcher has won something like 
55 per cent of the time against a wide variety of opponents, definitely 
better than the 50 per cent it would win by pure chance. 

Fascinated by Hagelbarger’s machine, I designed a second penny 
matcher along the same general lines but simplified a great deal with 
regard to memory capacity and other details. After considerable 
discussion concerning which of these two machines would win over the 
other we decided to put the matter to an experimental test. A third 
small umpire machine was constructed which was able to pass informa- 
tion back and forth between the two machines, keep score, and ensure 
that the Queensbury rules were followed. The three machines were 
plugged together and allowed to run for a few hours to the accompany- 
ment of small side bets and large cheering. It turned out that the 
smaller, presumably less “‘intelligent’”’ of the two machines beat the 
larger one in the ratio of about 55 to 45. This was possibly due to 
its greater speed in altering its conclusions concerning its opponent. 
Both machines are attempting to find patterns in the other and as 
soon as one machine finds such a pattern the other machine begins to 
lose and consequently changes the pattern. Thus the more volatile 
type has a certain advantage. 

The maze solving machine which I have here is another example 
of a learning machine. While not learning to play a game, it does 
learn by experience to solve a certain type of problem. A classical 
psychological learning problem is to place an animal in a maze and 
observe the time required for it to learn its way to the food box. The 
maze solving machine is an attempt to dramatize in precisely the same 
terms how a relay circuit can learn to solve this type of problem. The 
partitions in the maze can be changed about at will and allow one to 
set up something like one thousand billion different possible mazes for 
the machine to solve. On its first trip through, the mouse follows an 
exploring strategy involving a great deal of trial and error and false 
moves into blind alleys. Eventually it arrives at a brass disk repre- 
senting the food box. If we now place the mouse at its original starting 
point it goes directly to the goal with no false moves. This demon- 
strates that the relay circuit has learned the correct path. Furthermore 
if the mouse is placed in any other part of the maze that it has pre- 
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viously explored it will proceed directly to the goal. If it is placed in 
a part of the maze that it has not previously visited during its explor- 
ation phase it will blunder about until it reaches a familiar square and 
from there it will proceed directly to the goal. If it is now again placed 
in this region it will go directly to the goal. This shows that it has 
added the information about this part of the maze to its previous 
analysis. Finally, if the maze is changed the mouse first tries the old 
path and when this fails it starts exploring again to find another way 
to the goal. If the goal is blocked off so that there is no path available 
the mouse continuously searches through all parts of the maze that it 
can reach.! 

While the developments in game-playing machines of the past, 
particularly in the last two decades, have been interesting and provoca- 
tive, it seems certain that the next decade or two will make these 
devices seem primitive. The widespread use of large-scale computers 
and the rapid advancement of programming theory will surely result 
in impressive examples of general strategic machines and of game- 
learning machines. 


4 Here the operation of the maze solving machine was demonstrated. 
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Advanced Insulation for Direct 
Current Armored Motors.—An im- 
proved line of direct current armored 
motors with an advanced insulation 
utilizing Class H materials has been 
announced by General Electric Com- 
pany. Motors with the new Class H 
insulation are coming off production 
lines at G-E’s Direct Current Motor 
& Generator Department, Erie, Pa. 

“This marks the first time,” accord- 
ing to Paul S. Stough, the department’s 
manager of engineering, “that Class 
H insulation has been applied to the 
coils of direct current motors in regu- 
lar production.” 

The Class H insulated motor is being 
offered at no increase in price. Prior 
to the G—E announcement, Class H in- 
sulated motors and components had 
been offered only on special order and 
at a substantial price increase over 
Class B insulated equipment. 

Company engineers said the new 
insulation will withstand temperatures 
of 180° C. Its use in normal duty, 
they explained, virtually eliminates in- 
sulation failure as the limiting factor 
in continuous armored motor service. 

The new insulation system, which 
includes the application of a specially 
developed silicone varnish, was in- 
stalled in the popular MD-602 model 
for tests in which the motor was sub- 
jected to severe overloads which pro- 
duced motor temperatures as high as 
200° C. Connected to it was another 
MD-602 with the former Class B type 
insulation. To maintain an equal bal- 
ance between them in both load and 
temperature, the two motors alternately 
functioned as motor and generator. 
The motors were driven at four times 
their rated speed and subjected to 
severe vibration. The shunt field cir- 
cuit was abruptly interrupted at regu- 
lar intervals to produce an inductive 
kick which would throw electrical 
stress on the field coil insulation. 
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The tests showed the Class H in- 
sulated motor maintained excellent op- 
erating condition without apparent loss 
of dielectric or physical strength, con- 
trasted with extensive burn-out dam- 
age in the motor with Class B insula- 
tion. 

Demonstrated by the tests was the 
ability of the Class H insulated motor 
to outlast at least two Class B in- 
sulated motors. Engineers calculate 
that under identical operating condi- 
tions, Class H insulation will outlast 
Class B by as much as 32-to-1. 

Class H insulation has been adapted 
to three main sections of the armored 
motor—the field coils, armature coils 
and the main area of the armature in- 
sulation. In all these sections damage 
has resulted in the past from high heat 
concentration. 

Silicone treated mica mat is used 
on commutating and exciting field coils 
and on armature coils. Company en- 
gineers said that in laboratory tests 
this insulation has maintained full di- 
electric strength after samples had 
been heat cycled for three and one-half 
months at 300° C. 

It was pointed out that all new G-E 
Class H insulated coils may be inter- 
changed with Class B coils in older 
motors of the line. 


Spray Away Dust and Static.— 
Braun Laboratories (Philadelphia, Pa.) 
announces Anti Stat No. 6, a new 
product which rapidly cleans, elimi- 
nates dust and static from all glass, 
plastic and film. It is odorless and 
colorless. Packed in a 12-oz. aerosol 
spray can, it is easy and quick to use 
wherever static and dust are problems, 
such as all film, gates and carriers on 
projectors, film holders, slide and cover 
glass, printers, plastic reels, film strip- 
ping, retouching, Hi-Fi recordings, etc. 
Anti Stat No. 6 is available in all lead- 
ing camera stores. 


RECENT DEVELOPMENTS IN THE TECHNOLOGY OF CERAMIC 
MATERIALS FOR NUCLEAR ENERGY SERVICE * 


BY 
J. M. WARDE! AND J. R. JOHNSON | 


Ceramics—non-metallic materials capable of service at elevated 
temperatures—have several actual and potential applications in nuclear 
energy service. In particular, such materials are of interest in reactors 
intended for high temperature operations. They also have potential 
application because of their nuclear properties and corrosion resistance. 

Physical research is carried out on ceramic materials under the 
sponsorship of the Atomic Energy Commission at a number of research 
institutions and it is the purpose of this paper to review some recent 
developments in this field. 


FUEL ELEMENTS 


The bulk of the recent research and development efforts on ceramics 
and ceramic metal combinations (cermets) has been in the fuel element 
field because of the relative stability of ceramics at elevated tempera- 
tures and their resistance to corrosion in certain environments. 


Uranium Oxide 


Many of the compounds of uranium are of interest for reactor use 
because of their higher service temperatures compared with the metal. 
In particular, the dioxide of uranium has received considerable attention 
because of its refractory nature and resistance to aqueous corrosion. 
Data on the uranium oxides are shown diagramatically in Fig. 1. 


Differential Thermal Analysis 


DTA-weight gain measurements in the temperature range, 20° C. to 
1000° C., have been used at the Oak Ridge National Laboratory as a 
method for rapidly indicating the oxygen contents and the reactivities fo 
UO, powders prepared by various techniques. Figures 2 and 3 show 
some DTA weight-loss data for selected UO. powders. The DTA and 
weight-change curves indicate two oxidation steps UO: — U;0,; > 
U;0s. Bothstepsareexothermic. The initial oxides studied vary from 
UO:.005 to UOz.15, and in general the intermediate oxides vary from 
UOs.34 to UOs.3s. These oxygen ratios were calculated on the basis that 


* Paper presented June 28, 1955, at the First Annual Meeting of the American Nuclear 
Society, held at The Pennsylvania State University, University Park, Pa. 
1 Ceramic Laboratory, Metallurgy Division, Oak Ridge National Laboratory, Oak Ridge, 
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Fic. 1. Data on uranium oxide. 
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the uranium oxide was U;O; at the maximum weight shown on the 
curves. In all cases a small weight loss, 0.0001 to 0.001 gram per gram 
of UO:, was observed between 50° C. and 150° C. This loss in weight 
is probably due to adsorbed water. The effects of particle size and 
degree of crystallinity of UO. powders on their reactivity and the final 
density of bulk UO: shapes made from them are being studied by this 
technique. It is observed that UO, prepared by methods yielding very 
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small crystals react at lower temperatures whereas the oxides having 
large crystallites or small surface areas react more slowly at higher 
temperatures. By proper selection of starting materials, UO, in bulk 
form has been prepared by isostatic pressing and sintering at 1750° C., 
resulting in bodies having 96 per cent theoretical density (see Fig. 4). 


Thorium Oxide 


Thorium oxide of potential interest as a breeder material is required 
in the form of shapes having maximum density. It has been found at 
ORNL (1)? that the addition of 0.5 wt. per cent CaO will produce bulk 
ThO, shapes having densities of 96 per cent of theoretical compared 
with 86 per cent for those made using ThO, without additions under the 


* The boldface numbers in parentheses refer to the references appended to this paper. 
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same firing conditions, that is, 1700° C. for 1 hr. (See Fig. 5.) A 
study of the effect of the addition of CaO indicates that the calcium is 
taken into solid solution in the ThO, ,producing anion vacancies. The 
diffusion of Th++++, O-- and Catt is accelerated as a result of the 
vacancies and more rapid sintering occurs. The Cat+ ion has about the 
same ionic radius as Tht+++, about 1 A, so that solid solution is ex- 
pected. A lowering of the index of refraction is noted as CaO is added 
to the ThO, up to 20 mol per cent. Chemical analyses show the CaO 
to be present after sintering, yet there is almost no measurable change 
in the unit cell dimensions of the ThO.. The effect of CaO upon sinter- 


ss 


Photo courtesy Oak Ridge National Laboratory 


Fic. 4. UOs rods, density 96 per cent of theoretical. 


ing is noted beginning at 1100° C. and is pronounced at 1600°C. There 
is no liquid phase in the ThO.-CaO system below 2300° C. so that this 
is a solid state reaction. An investigation of the sintering rates indi- 
cates that surface diffusion is primarily responsible for the rapid densi- 
fication of the ThO.-CaO compacts. The mobility of Ca++ on the 
surface of ThO, at high temperatures is high and almost immediately 
the pores in the pressed compacts are filled to the closed pore state. 
Volume diffusion of the Ca++ and the Th++++ and O-~- through the 
defect structure is much less rapid than migration over the surface but 
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is sufficiently rapid to maintain increased sintering rates in the closed 
pore state. 


Cermets 


Ceramic metal combinations offer interesting possibilities for use in 
fuel element fabrication and for structural components of nuclear 
reactors. Two cermets of possible interest for reactor applications 
which have received recent attention are Cr-Al,O; and SiC-Si. Work at 
the Ohio State Engineering Experiment Station (2) shows that con- 
sistently pore free bodies of moderate shrinkage can be fabricated from 
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Fic. 5. Thorium oxide ceramics. 


the compositions 72 per cent chromium-28 per cent alumina to give 
bodies having a density of 5.9. High temperature strength properties 
may be adequate for applications at 800° F. and above. Oxidation of 
this material is negligible at temperatures below 2000° F. The sus- 
tained load carrying ability shown by stress rupture behavior indicates 
that deterioration as a function of time is not extensive below 2000° F. 
Thermal shock resistance for this material is reported to be good. 
Siliconized silicon carbide may be prepared by the impregnation of a 
porous graphite body with molten silicon. The thermal neutron ab- 


460 J. M. Warpbe anv J. R. JoHNSON (J. F. 1 


sorption cross section of this material is about 0.1 barn. Studies at 
ORNL (3) resulted in the production of non-porous bodies of this 
material. The final density of this SiC-Si is 3.1; tensile strength at 
room temperature is about 10,000 psi., and thermal conductivity is 
better than that of stainless steel. 

Silicon carbide bodies using SiN as the bonding agent and reported 
to have less than 10 per cent porosity have been developed. Self 
bonded silicon carbide density 96 per cent of theoretical has also been 
produced (4). 

. MODERATORS 


High Density Graphite 


The efficiency of graphite as a moderator is roughly proportional to 
the density of the material. Commercial forms of graphite having 
densities ranging from 1.85—1.92 are produced by multiple impregnations 
of graphite with pitch. The average value for transverse breaking 
strength of 1.92 density material at room temperatures is 4500 psi.; 
modulus of elasticity 2.5 K 10® psi.; thermal expansion at 200° F. is 
reported as 1.1 XK 10-7 per deg. F.; thermal conductivity in Btu per hr. 
per sq. ft. per deg. F. per in. is 1200. The high density material has 
very good erosion resistance in high velocity gases compared with that 
of commercial graphite. 


CONTROL ROD MATERIALS 


The rare earth oxides are materials of interest for reactor controls 
because of their relatively high absorption cross sections for thermal 
neutrons. In a study conducted by ORNL (5), Sm.O; was found to 
form a ceramic of medium strength and density when fired in dry pressed 
form at 1300° C. Fired at 1500° C. the density is increased to 7.4 and 
the ceramic loses its stability to boiling water. Gd.O; forms a ceramic 
of somewhat higher density (7.0) at 1300° C. than does Sm.0;. At 
1500° C. its density is slightly higher (7.6) while its stability in boiling 
water is unchanged. Both Sm.O; and Gd,O; form compounds with 
Al,O;, BaO, Fe.O;, SiO. and SrO. The alumina and iron compounds 
have the perovskite structure previously observed in the case of yttria- 
alumina. 

Hafnium oxide is also of potential interest as a reactor control ma- 
terial and investigation of this material at ORNL (6), indicated that 
hafnium oxide closely resembles ZrO.. HfO, forms a continuous series 
of solid solutions with ZrO, and it forms a single compound with silica, 
HfO,-SiO», similar to zircon. Monoclinic HfO: is stable to 1700° C.; 
the tetragonal form is found above this temperature. Boron carbide of 
compositions B,C and B.C have been produced in bulk form and also 
offer promise for control or shielding applications. Figure 6 shows 
specimens of HfO., Sm,O; and Gd.O3. 
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COATINGS 


Ceramic coatings developed for service at 1000° C. have been pre- 
pared by the National Bureau of Standards (7) from materials having 
low absorption cross sections for thermal neutrons. They were speci- 
fically designed for application to typical high temperature alloy parts 
for use in nuclear reactors. In these coatings, high-barium frits con- 
taining small amounts of phosphates, beryllia, lime, zinc oxide and 
titania are milled with additions of ceria or mixtures of chromic oxide 
and ceria. The computed neutron absorption cross sections are in the 
range of 0.15 to 0.50 barn. In extended heating tests some corrosion 
was noted beneath the coatings but the amount and depth were markedly 
reduced over uncoated specimens. The best coatings withstood the 
thermal shock encountered when quenched from 2000° F. in water at 


room’ temperature. 


Photo courtesy Oak Ridge National Laboratory 


Fic. 6. Some ceramics of interest (high cross-section). 


CORROSION 


High temperature corrosion studies were conducted on refractory 
materials in liquid sodium, bismuth and tin (8). Ceramic materials 
exhibiting good resistance to corrosion by sodium liquid-vapor were 
reported as follows: Synthetic sapphire, single-crystal magnesia, molyb- 
denum disilicide and sintered thoria. The following ceramic materials 
show a good resistance to liquid bismuth: graphite (to 1400° F.), 
sintered magnesia, sintered alumina, sintered zirconia, molybdenum 
disilicide, tantalum carbide, ‘‘Vycor’’ and ‘‘Kennametal’’ (K138A). 
The following ceramics showed good corrosion resistance to molten tin: 
graphite (to 1500° F.), ‘‘“Vycor,”” chromium carbide (to 1500° F.) and 


sintered alumina. 


RADIATION EFFECTS 


Stability of ceramic materials under irradiation is of fundamental 
importance in nuclear reactor applications. A comprehensive survey 
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of the radiation stability of ceramic materials is being carried out by 
ORNL. Data have been collected on a number of ceramics which were 
subjected to irradiations of 1 X 10 and 2 X 10” nvt, respectively. 
The thermal conductivity at about 40° C. has been measured by Sisman, 
Bopp and Towns (9) on the irradiated ceramic specimens. These data 
are shown in Table I. X-ray diffraction indicated disordering in some 


TABLE I.—Thermal Conductivities* of Irradiated Ceramics. 


Thermal Conductivity (1074 cal-sec™!-cm=1-° C~1) 


Postirradiation*¢ 


Material Preirradiation not = 1 XK 10” not = 2 X 10” 


Silica glass 
Single-crystal Al.O; 
Hot-pressed Al,O; 
BeO 


TiO; 

Spinel 

Forsterite No. 243 
Cordierite No. 202 
HfO; 

Steatite No. 228 


1ca 

ZrOz No. 550 

Zircon No. 475 

Zircon No. 71 

Plate glass 

Pyrex glass 

Lead glass 

«In the temperature range from 35 to 45° C, 
ae C. D. Bopp, O. SISMAN AND R. L. Towns, “Solid State Semiann. Prog. Rep. Aug. 30, 1954," ORNL-1672 
p. 


¢ Exposures are given in epithermal neutrons. 

crystalline materials. In some cases decreases in thermal conductivity 
were found where no changes were detected in X-ray diffraction pat- 
terns. Zircon irradiated to 2 X 10* neutrons per sq. cm. gave very 
low and poorly reproducible thermal conductivity before a thin surface 
was removed by scraping. For many of the materials there was not 
much additional change in thermal conductivity with the longer ex- 
posure (2 X 10° neutrons per sq.cm.). It was suggested that possibly 
the change is approaching saturation. X-ray diffraction patterns of 
the irradiated specimens were made by Klein (10) and qualitatively 
compared to the patterns of the corresponding samples before irradiation 
and the results are shown in Table II. It should be noted that the 
method of X-ray analyses for polycrystalline samples with a high 
activity count is not so sensitive in detecting weak X-ray reflections as 
the method used for small single crystals of the same materials. Con- 
sequently, where the method used in this study would indicate the 
absence of detectable diffraction lines in certain cases, the single crystal 
analysis might still indicate a few weak reflections remaining in the film 
pattern after a comparatively long exposure time. 

Under irradiation, quartz alters gradually to an amorphous form. 
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Some of the property changes reported by Wittels, Oak Ridge National 
Laboratory (11), and Primak, et al., of Argonne National Laboratory 
(12), are decreases in density, refractive indices, and birefringence, dis- 
appearance of the alpha to beta transition and changes in the absorption 
spectrum. The properties of vitreous silica also alter under irradiation. 
The density and refractive indices increase slightly. On heating the 
irradiated quartz and other forms of silica, the properties are reported to 
alter in a complex manner. 


OTHER APPLICATIONS OF CERAMICS IN NUCLEAR ENERGY 


Present methods of disposing of radioactive wastes are safe for 
limited quantities but in many cases, extremely expensive. Work is 
being done on the application of cheaper methods of handling such 
wastes (13). One possibility which has received serious study at the 
Brookhaven National Laboratory is a method of adsorbing the wastes 
on clay pellets. The pellets are then glazed in a furnace so that the 
products cannot seep out and it is proposed that these pellets can be 
safely buried. Various clays and other minerals have been found under 
certain conditions of pH and temperature to have a great affinity for 
radioactive wastes. Table III shows the result obtained in jar tests on 


TABLE III.—Removal of Radioactive Materials by Various Clays. 
(Brockett and Placak) 
(Jar Stirring Method with 1 Gram of Clay) 


Per Cent Removals after 2-hr Contact 


Cel ps2 Ru! Sr sr® 7 MFP* 
Sample Type of Clay 3.9 X10? 3.5 K10°2 4.8 K10°2 1.1 K10°2 4.1 K10°2 10° 4.1 X10? 
Number Locality uc/ml uc/ml uc/ml uc/ml uc/ml uc/ml uc/ml 
qi Kaolinite 92.50 51.58 69.39 3040 46.25 98.08 70.87 
Mesa, Alta, N. Mex. 
2 Halloysite 91.82 72.90 77.95 26.15 61.63 98.32 89.77 
Eureka, Utah 
a Montmorillonite 69.21 88.27 64.40 63.03 74.50 97.18 94.70 


Little Rock, Ark. 
Montmorillonite 89.00 31.89 52.89 57.44 71.35 0S 92.44 


Cameron, Ariz. 
Nontronite 85.16 44.56 60.77 29.26 71.49 22 94.75 
Manito, Wash. 
Metabentonite 76.05 68.28 53.61 16.10 53.46 B2 86.20 
Tazewell, Va. 
Metabentonite 88.20 80.05 68.08 41.75 59.87 A 86.16 
High Bridge, Ky. 
Conasauga Shale 90.91 72.67 71.69 M3 55.69 96.63 86.88 
Oak Ridge, Tenn. 
Vermiculite 95.94 60.15 68.69 26.7 65.53 93.87 _ 
(nonexpanded) 
Sylva, N. C. 
* Mixed fission products ~16% Ce, ~20% trivalent rare earths, ~2% Ru, ~20% Sr, 21% Cs, ~21% 
unknown. 


the removal of radioactive materials by various clays and vermiculite 
as reported by Brockett and Placak (14). They point out that base- 
exchange ratings do not indicate the efficiency of clays or soils for re- 
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moving radioactive materials from solution and further conclude that 
although certain removals are obtained with one chemical form of 
radioisotope it does not necessarily follow that the same results will be 
obtained with other chemical forms of the isotope. 

At ORNL studies are being carried out on the possibility of incor- 
porating radioactive liquid wastes in a ceramic body in pits and fixing 


Photo courtesy Corning Glass Works 
Fic. 7. 


the dangerous isotope by sintering the mass in place using the heat 
available from radioactive decay. 

Contributions in the field of glass technology include the develop- 
ment of windows which do not darken under radioactive bombardment. 
Such windows are necessary in order to see into the ray filled interiors of 
hot labs. These windows are so heavy that one measuring 6 X 8 ft. 
weighs about 12 tons (15). Another interesting development in the 
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glass industry has been the manufacture of radiation dosimeters which 
are pieces of silver activated phosphate glass that indicate by darkening 
the amount of radiation to which they have been exposed. They are 
finding use in studies made in the food sterilization field. Figure 7 
shows how the degree of sterilization of pork by radiation may be 
indicated by squares of dosimeter glass which change color according to 
the amount of radiation received (16). 

Glass and glass-metal pipes and valves may be of interest in future 
handling of radioactive process solutions. Tests at ORNL indicate 
no gross damage to commercial glass-piping and glass-metal specimens 
in such solutions having an activity level of 10* counts per min. 

This short summary has covered some of the highlights in the de- 
velopments in ceramics for nuclear energy service and it is hoped that 
it will serve to give an indication of the applications of ceramics in 
nuclear energy service. 
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POLARIZATION IN THORIUM OXIDE CRYSTALS * 
BY 
W. E. DANFORTH! AND J. H. BODINE! 
ABSTRACT 


Studies have been made of the electrical polarization resulting from the passage 
of current in single crystals of low-oxygen thorium oxide at elevated temperatures. 
The emf. across the crystal necessary to maintain a constant current rises by a factor 
of 100 and more during the establishment of the final equilibrium. Because of the 
wide ranges of time involved, observations were required with oscillographic tech- 
niques as well as long time measurements using a slide wire potentiometer. The 
resistivity of the material was found to vary from 6000 ohm-cm. at 900° C. to 400 
ohm-cm. at 1300° C., and to be unchanged by large values of polarization. Indica- 
tions point to a critical potential for the onset of electrolysis in the neighborhood of 
0.3 volt. The dependence of initial conductance upon temperature point to an 
activation energy for the initial conductance of 1.1 e-volts and the same temperature 
dependence is approximately valid over the whole polarization curve. ‘Theoretical 
considerations indicate that ions and electrons are both mobile and, to account for the 
high polarization ratios, it appears that the fraction of current carried by the electrons 
is less than 1 per cent of the total. 


A. INTRODUCTION 


Our previous work has established the existence of several color 
states in thorium oxide as determined by oxygen content and heat treat- 
ment (1).2, We have reported data concerning electrical conduction of 
single crystals in an atmosphere of oxygen (2). The present paper is 
concerned with conductivity phenomena in that low oxygen state 
which exists in high temperature and high vacuum operation. 

When one attempts to measure the conductivity of a thoria crystal 
in vacuum or to determine any other electrical property, one encounters 
very prominent time changes which make the intended measurement 
difficult. Ifa fixed voltage is applied to the crystal, the current starts at 
a definite value and decays rapidly. Or, if a constant current is passed, 
the voltage across the crystal rises to a definite value at the moment the 
current is initiated and then continues to increase with time to a value 
many times the initial value. It was apparent, therefore, that to under- 
stand the d-c. behavior of thorium oxide it was necessary to study in 
some detail the time variations which take place. 

The existence of the time changes would be expected if an appreciable 
proportion of the conduction were ionic; a previous experiment (3) has 
given visual evidence of electrolysis. One objective of the present study 
is to evaluate quantities pertaining to number and mobilities of ions. 

* Assisted by the U. S. Navy Bureau of Ships and by the Office of Ordnance Research. 


1 Bartol Research Foundation of The Franklin Institute, Swarthmore, Pa. 
2 The boldface numbers in parentheses refer to the references appended to this paper. 
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While theoretical considerations relative to this are incomplete and are 
referred to only briefly in the present paper, it appears probable that 
the conductance of a crystal at 1300° (~0.0025-ohm-! cm.~) unpolar- 
ized and unelectrolyzed, is less than 1 per cent electronic. The high 
electronic conduction of thorium oxide in its application as a cathode 
emitter appears to depend upon the presence of electrolytically produced 
thorium. 

This paper describes the phenomena observed when a constant cur- 
rent is passed through a crystal of thorium oxide in vacuum and at the 
temperatures ranging from 900° C. to 1300° C. Although higher tem- 
peratures are of interest, investigation of them was not possible in the 
present experiments because of the use of platinum as an electrode 
material. Certain aspects of this work have been presented briefly 
(4, 5) elsewhere. 

B. EXPERIMENTAL 


1. General Pattern of the Phenomena 


The basic phenomenon here discussed is illustrated in Fig. 1 (a and 
b). A constant current is passed through the specimen (Fig. 1b) and 
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(a) Schematic representation of the polarization phenomenon. 
(6) Circuit for observing polarization at constant current. 


the potential across the specimen is observed with a potentiometer. 
When the switch is closed the potential rises abruptly to Ey (Fig. 1a) and 
then continues to increase in time to an equilibrium value E,. If after 
equilibrium is attained the switch is opened, the potential falls abruptly 
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from E,, to E, after which it decays slowly back to zero. In data thus 
far examined the drop E, — E; on interrupting the current is very 
nearly equal to the initial rise Ey. At any time after initiation of the 
current the potential difference which remains when the current is 
turned off is called the polarization. The abrupt fall which occurs when 
the current is interrupted (as shown by EE, — E; for the equilibrium 
case), divided by the value of the current, will be defined as the fofal 
resistance of the specimen in the given state of polarization. 


2. Character of the Specimens 


The studies here reported were made in a vacuum furnace at tem- 
peratures between 900° C. and 1300° C. The specimens were cut from 
fused lumps obtained from The Norton Company and appeared macro- 
scopically to be single grains; their dimensions were approximately 
5mm. X 5mm. X2mm. The surfaces were ground flat using 600- 
mesh Carborundum on an iron lap and were not polished. As regards 
purity, there appeared no practical alternative to using the material as 
received from the supplier; spectrographic arc analysis revealed alumi- 
num and lanthanum as the principal impurities, both present to the 
order of magnitude 0.01 per cent. Traces of chromium, copper, silicon, 
beryllium, titanium, cerium, yttrium and zirconium were also reported.’ 

After a crystal had been cut to size and smoothed on the lap, plati- 
num electrodes were applied to a pair of opposite faces by evaporation. 
Contact leads of platinum foil were affixed to the platinum electrode by 
holding them in contact with the evaporated platinum surfaces for a 
short time at 1400° C.; this resulted in an adequate weld.‘ 

It was found necessary to shield the specimen electrostatically from 
the a-c. field of the heating coil of the vacuum furnace. Stray and vari- 
able thermionic emission from the leads is the principle source of dis- 
turbance; inductive pick-up is of secondary importance although not 
zero. Shielding was accomplished by the coaxial assembly shown in 
Fig. 2. It was found that a crystal mounted in this assembly, even 
though well shielded, may show a potential difference between electrodes 
of a few hundredths of a volt. This is thought to be due to temperature 
inequalities. 


3 Obviously it would be desirable to prepare a aibdeste quantity of thoria of ‘tiie high 
purity and to grow single crystals, perhaps by evaporation. The effort invclved in this would 
be very considerable. The value of the results with the presently available materials seems to us 
two-fold: (1) Even though it might be shown later that phenomena are more or less im- 
purity dependent, the general character of the phenomena is of interest and the techniques and 
methods of analysis will be applicable to high purity materials; (2) The results here reported are 
pertinent to thorium oxide as it is actually used in electron tube applications. 

‘It was found that, at 1400° C. in vacuum, platinum may be said to “wet” thorium oxide; 
if a piece of platinum foil is held firmly against the crystal at this temperature, firm adhesion 
results. 
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3. Long-Time Observations 


In Fig. 3 are plotted curves of the polarization voltage as followed 
by a Leeds and Northrup type K potentiometer for several different 
values of current. After each run the specimen was allowed to remain 
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Fic. 2. Shielded specimen mounting for use in vacuum furnace. 
hot with the current off until the polarization had returned to a low 
value. The temperature of the specimen was 1300° C. Essentially 
similar results were obtained with two different specimens. 

One sees that several hours are required for the attainment of an 
equilibrium voltage ; in fact, it is not certain but that even after 7 hr. a 
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Fic. 3. Long-time polarization curves. 


slow upward drift of the potential may still occur. One also sees that, 
on this time scale, it is not possible to discern an abrupt initial rise ; one 
cannot make a meaningful extrapolation of the data to zero time. 
Oscillographic studies are required in order to do this, and will be 
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described below. Figure 4 shows a plot of the voltage which had de- 
veloped after 4 hr. of current flow plotted against the value of the cur- 
rent. Although some further increase of voltage with time might be 
expected, it is assumed that the general character of the relationship 
between equilibrium voltage and current will not be radically different 
from that shown. One sees that as the current is increased, the voltage 
rises more or less linearly to a knee and from there on proceeds linearly 
with a considerably reduced slope. The value of voltage corresponding 
to the knee is approximately 0.3 volt. 

We call attention here to the similarity between the present phe- 
nomena and the situation which obtains in the case of common aqueous 
electrolytes ; in that case, the value of electromotive force corresponding 
to the knee is referred to as the decomposition potential of the system. 
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Fic. 4. Equilibrium-polarization voltage vs. current. 


For aqueous electrolytes, this is the potential below which no “‘plating- 
out”’ of electrolytic product takes place, and below which the current 
flow is very small. With these systems, the only mobile carriers are 
positive or negative ions; no free electrons are present, and, therefore, 
unless electrolytic decomposition is occurring no carriers are available. 
In the present case, however, we are concerned with systems in which 
conduction proceeds by means of electrons as well as by ions, and, 
therefore, the current which can flow for voltages below the decomposi- 
tion potential may be considerable. In Fig. 5 are plotted curves which 
show the effect of temperature upon the long-time polarization phe- 
nomena. Data were obtained for four Centigrade temperatures 
namely, 1155°, 1230°, 1300° and 1350°, the current being 5 micro- 
amperes in all cases. In order to obtain a wide range of temperatures, 
the observations were taken as low as 1155° C. However, this resulted 
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in the potentials rising considerably above the decomposition potential 
and, therefore, the run was only continued for 10 min. Using the 
values of polarization after 10 min., a plot was made of the logarithm of 
the polarization vs. reciprocal temperature and the slope of the curve 
yielded a fictitious activation energy of 1.0 electron volt. 

As a component of the whole empirical pattern, it would be desirable 
to have data regarding the temperature dependence of the equilibrium 
voltage. Because of the long times required to obtain this data, and 
because of variations of background emf., this information is not in very 


t t Ly 


iy 
r 


VOLTAGE ACROSS SPECIMEN 


5 10 15 20 25 30 
TIME IN MINUTES 


Fic. 5. Effect of temperature on polarization. 


satisfactory form at the present time. It may be said, however, that 
the shape of the curves does not seem to be a pronounced function of 
temperature, and that, therefore, the empirical activation energy for the 
equilibrium values would not be expected to differ much from that ob- 


tained at 10 min. 


4. Short-Time Observations 


It was mentioned above that it was difficult to extrapolate to zero 
time the curves obtained with the type K potentiometer. The phe- 
nomena following the initial increase are so rapid that uncritical extra- 
polations, even when they appear feasible, are entirely misleading. For 
this reason, oscillographic means were resorted to for examination of the 
phenomena during the first few seconds after establishment of the cur- 
rent. The simple circuit for this purpose is shown in Fig. 6. The es- 
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sential phenomena are shown in the oscillogram of Fig. 7, and follow 
the pattern given schematically in Fig. 1a. 

The first matter of interest in the short-time measurements is the 
value of the conductivity at the initial instant, and the variation of this 
conductivity with temperature. For this purpose, the calibration of the 
type 304-A DuMont Oscilloscope was used, after satisfying ourselves as 
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Fic. 6. Circuit arrangement for oscillograph observations. 


to its accuracy by taking data with a specimen replaced by a resistance 
of known value. Photographs of the trace were taken with a DuMont 
Oscillograph Record Camera and quantitative data were taken directly 
from the negatives using the illuminated scale with which the oscillo- 
scope is provided. 


Fic. 7. Oscillogram of short-time polarization. 
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From values of current and of the initial voltage rise the initial 
resistance of the specimen was computed and this is plotted against 
temperature in Fig. 8. One sees that values of resistance ranging from 
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Fic. 8. Resistance of ThO2 specimen vs. temperature. 
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Fic. 9. Logarithm of conductivity of ThOs vs. reciprocal temperature. 


6000 ohms at 900° C. to 400 ohms at 1300° C., were obtained. The 
geometry of the specimen was such that the specific resistivity was very 
nearly equal to the resistance. 

In Fig. 9 is given the customary plot of log o vs. 1/T using the above 
data. Reasonable agreement is found with the hypothesis of a single 
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activation energy and its value is computed to be 1.1 volts.6 An ex- 
haustive study of the rate of rise of polarization immediately following 
the initial rise of potential has not as yet been made; this is primarily 
because means for its theoretical interpretation are not yet available. 
Mathematical studies of the matter are in progress. At the present 
time, a single value for this rate of rise may be quoted. By using a 
sweep in which 1/120th of a second was spread to about 1 inch of screen, 
the initial rate of rise could be measured. This was done for one case, 
namely 1040° C., and the value was found to be 3.2 volts per second 
with 20 microamperes flowing. It is probable that this value will be 
found to be proportional to current and to vary with temperature in 
approximately the same manner as the initial resistance. 

Figure 10 shows data taken with a slow sweep to include phenomena 
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Fic. 10. Short-time polarization; oscillograph data. 


between the initial instant and tf = 3 sec. Curves were taken at three 
temperatures and it can be seen that over the range of the temperatures 
involved, the functional dependence is not markedly altered. For all 
curves, a good fit may be obtained by the form 


V = kt", 
where » = 0.39 at 1235° C., 0.38 at 1265° C., and 0.37 at 1305° C. 


5 If one could assume that the conductivity involved here was predominantly electronic, 
one could attempt to correlate the data given herewith with ultraviolet absorption data. In- 
deed, one does find an absorption band at 3 volts which might, perhaps, be associated with an 
energy gap at 2.2 volts corresponding to the activation energy of 1.1 volt. However, it ap- 
pears now that this approximate correlation is fortuitous, inasmuch as other indications point 
to the initial conductivity being almost entirely ionic in nature. 
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In Fig. 11 we show the result of a study which was made to assure 
ourselves that the short-time data obtained with the oscilloscope are 
consistent with the long-time data obtained with the type K potentiom- 
eter. The figure shows the short-time data between 0 and 3 sec., and 
the long-time data beginning for the most part at about 20 sec. and 
continuing to 90 sec. In the case of the 1305° C. data, we succeeded in 
obtaining one potentiometer point for ¢ = 5 sec.; the agreement of this 
with the oscillograph measurements is satisfactory. 


OSCILLOGRAPH DATA AND POTENTIOMETER DATA 
TO 90 SECONDS 
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Fic. 11. Polarization to 90 sec.; potentiometer data and oscillograph data. 


5. Resistance of a Polarized Crystal 


Electrical resistance is to be defined as a coefficient relating the 
change of electromotive force to the change of current associated with it. 
Thus, one may have what is commonly called a ““dynamic”’ resistance, a 
small change of potential divided by the small change of current which 
caused it, the change of current being small compared to the total current 
flowing. Or we may speak of the “‘total’’ resistance ; the instantaneous 
change of potential which occurs when the current is reduced to zero, 
divided by the current value. It is conceivable that both of these 
quantities would be dependent upon the state of polarization of the 
crystal. It has been observed, however, that they are both relatively 
independent of this circumstance. 

Figure 12 shows measurements of the dynamic resistance of the 
specimen made while the polarization increased. One sees that, while 
the potential across the crystal was changing from 0.03 volt to 0.6 volt, 
a factor of 20, the dynamic resistance (as measured by an alternating 
current bridge) remained relatively constant. The increase of resist- 
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ance from 380 to 400 ohms which occurred at the beginning of the run 
does not seem to be significant because the reverse effect did not appear. 
The measurements were made with a 1000-cycle bridge designed for 
high input impedance. To achieve adequate sensitivity the unbalance 
signal was amplified electronically. In order that the bridge be un- 
affected by the polarization voltage it was capacitatively coupled to the 
specimen. The polarizing current during these measurements was 20 
microamperes. 

A rough determination of the total resistance in the state of equilib- 
rium polarization was made by means of the oscillograph connection 
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Fic. 12. Alternating-current resistance of ThO2 specimen 
during development of polarization. 


which was similar to that shown in Fig. 5, except that key K2 was 
normally closed and was opened momentarily after the sweep was 
initiated by K1. To avoid electrolysis this had to be done with very 
small currents and the gain of the oscilloscope amplifier was not 
sufficient to give good accuracy. It was determined, however, that 
such change of total resistance as may have occurred was less than 5 


per cent. 


6. Decay of Polarization 


So far in this paper we have not discussed the manner in which the 
electromotive force falls back to zero when the polarizing current has 
been interrupted. In the first place, the precise course of this decay 
will depend upon the value of the resistance which the crystal looks into. 
There will be, however, a meaningful decay curve, if the crystal may be 
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regarded as looking into an infinite resistance. It was established that 
this was not far from being true in the case of a crystal in our furnace at 
1300° C. ; the leakage resistance involved was a number of megohms and 
the effect on the decay curve of shunting the specimen with a 1-megohm 
resistor was almost imperceptible. A typical pattern of growth and 
decay of polarization is given in Fig. 13. In general, the decay takes 


0.5 


VOLTAGE ACROSS SPECIMEN 


TIME IN HOURS 


Fic. 13. Experimental data for typical polarization and decay. 
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Fic. 14. Effect of temperature on decay. 


place at a somewhat smaller rate than the growth. The dotted curve 
is the decay curve inverted for comparison of its functional form with 
that of the growth curve. 

Figure 14 shows the increase in the rate of decay brought about by 
an increase in temperature of the specimen. In Fig. 15 is shown the 
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effect on the course of the decay curve of momentarily shorting the 
specimen. One sees that after the short is removed, the potential slowly 
rises again and resumes a course which is very similar to the original 
decay curve. The similarity, if not identity, of this phenomenon with 
that of so-called dielectric absorption or “‘soakage’’ is evident. It is 
highly probable that the basic mechanisms are closely related. 
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Fic. 15. Effect of shorting specimen during course of decay. 


C, THEORETICAL 


One of the objectives in carrying on this work, aside from the general 
scientific interest, was the thought that the interpretation of polarization 
phenomena in thorium oxide might lead to information regarding its 
ionic conductivity, and thereby lead to further understanding of the 
electrolytic destruction phenomena which occur to a greater or less 
extent in thorium oxide cathodes. 

At the onset of the investigation it was thought that a thorium oxide 
crystal was primarily an electronic conductor but that a small percent- 
age of ionic conduction existed which accounted for a degree of electroly- 
sis and for the existence of polarization phenomena. However, if the 
considerations here given are correct, it would appear that the situation 
is the reverse of that cited; in a fresh, low-oxygen, thorium oxide 
crystal conduction seems to take place almost entirely by ions, the 
electronic component being only of the order of 1 per cent or less. 
Previous work relevant to the present problem has been done by, 
among others, Wagner (6), by Hebb (7), and by Bardeen, Brattain and 
Shockley (8). The main property which distinguishes the ions from the 
electrons, is that, although the electrons flow freely from the cathode 
into the crystal and from the crystal into the anode, there is, unless the 
critical decomposition potential be exceeded, no flow of ions across the 
boundary of the crystal to or from either electrode. It is this cir- 
cumstance, which means that under the influence of an applied electric 
field the ions must form a non-uniform distribution, which results in the 
appearance of the polarization. 

We now outline those considerations which enable one to deduce, 
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from the polarization curve, the transport numbers for electrons and 
ions respectively. 

We assume we are dealing with conduction by electrons and by a 
single kind of positive ion. Again we let Eo, E., Ei; be voltages as 
defined in Fig. 1b. Js and J_ will represent current densities carried by 
ions and electrons, respectively, and ¢, and o_, the corresponding con- 
ductivities. The current density due to a given carrier will be propor- 
tional to the gradient of the electrochemical potential for that carrier. 
Letting x denote position on a line normal to plane parallel electrodes, 
the ionic current density will be 

do, 


lie y 


with an identical equation, except for change of subscript, for the elec- 
trons. The quantity ¢, is a sum of two terms, one the electrostatic 
potential and the other an appropriate function of ion concentration 
whose gradient will determine flow due to thermal diffusion. 

Considering the mixed-conducting crystal with the metal electrodes 
in intimate contact, the question arises as to just what is measured 
when, while current is passing through the crystal, a potentiometer is 
connected to the electrodes. The reading of the potentiometer gives, of 
course, the difference of ordinary electrostatic potential between the 
electrodes. As regards the interior of the crystal, however, it may be 
shown that this measured voltage is equal to the difference of the 
electrochemical potential for electrons (A¢_) across the crystal, this 
difference being considered between two points within the crystal, close 
to the electrode boundaries. With these preliminaries we now con- 
sider the state of the system under two conditions (a@) when the current 
is first initiated and the voltage E> is observed and (6) after equilibrium 
has established itself and the voltage E, is observed. It will be shown 
that the ratio E,/E. is, in the limit for small currents, equal to the 
fraction of current carried by electrons in the unpolarized specimen, 
that is, the transport number for electrons. 


(a) Inttiation of the Current 


Assuming the current to be established instantaneously, the finite 
capacitance of the specimen results in a finite initial rate of rise. How- 
ever, with a capacitance of the order of 1 yyf. and a specimen resistance 
of the order of 1000 ohms the time constant of this rise is 10-* second. 
Therefore, since the observed rate of rise of polarization is of the order of 
several volts per second, it is evident that the capacitative effects are 
completely over before the polarization has had time to rise appreciably. 

One may visualize, therefore, that, at the instant the current is 
initiated the voltage Ey appears instantaneously and may be computed 
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from a total conductivity in which both ions and electrons move. The 
distributions of both kinds of carriers are uniform and hence no gradients 
of electrochemical potential exist, the flow of particles is caused entirely 
by the uniform electrostatic field, and the line integral of this field 
within the specimen is equal to the voltage Ey. Letting / represent the 
distance between electrodes the current will be equal to (¢_ + o,)xX 
E,/l for all values of x. Thus if the constant applied current density is 
Jo, we have at the initial instant 

Eo = pn ane (1) 


oto. 


(b) Equalibrium State 

In this treatment we assume that the equilibrium voltage is less than 
that required to maintain electrolysis and that this situation may be 
represented by the following two statements (a) that the positive ions 
encounter an impenetrable barrier at the cathode surface, and (0) that 
no positive ions are generated at the anode. At equilibrium, therefore, 
the positive ions assume a stable non-uniform distribution and all the 
current is carried by the electrons. Because, however, of the non- 
uniform ion distribution with its resulting space charge the electron 
distribution at equilibrium is also non-uniform. Hence, the current at 
any point is driven not only by the electric field, but also by such 
gradient in the electron concentration as may exist. Since, at equilib- 
rium the charge distribution is unchanging, the electron current density 
must be constant throughout the specimen and this constant value will 
be the applied current density J». 

We now assume that the J» is sufficiently small (allowed to approach 
zero, in theory) so that the electron density is at all points very little 
disturbed from its equilibrium value. Under these conditions the 
electronic conductivity ¢_ may be taken as constant throughout and 
equal to its initial value as used in Eq. 1. We have, therefore, at all 
points in the crystal 


do- 


Jo =— ae (2) 
which gives, after integration from « = 0 to x = J, 

Jol 
E. = ¢-(0) — ¢-(l) = Sy (3) 

The transport number for the electrons is, therefore, given by 

Cn Eo ; 

_ Hae Broa 4 
oo. + oy Ey, (4) 


To calculate the transport number using this expression it must be 
remembered that the ratio E,)/E., must be evaluated for E,, less than 
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that required for electrolysis. Referring to Fig. 2, if data are taken 
from the lowest observed point we have EF. = 0.25 volts and, taking 
the initial resistance from Fig. 8 as 400 ohms, Ey = 1.2 X 10-* volt. 
From this the transference number for the electrons is calculated to be 
i per cent. Assuming that the curve approaches zero in the manner 
given in Fig. 4, and evaluating E»o/E., for lower values of current, some- 
what smaller values for the transference number are computed. 

The validity of Eq. 3 depends upon the assumption that o— has 
essentially the same value in the polarized crystal as it had in the initial 
unpolarized state. The a-c. measurements plotted in Fig. 12 might be 
thought to bear upon this point. However, although they attest to 
the constancy of the total conductivity, they are insensitive to variations 
of the electronic component since it appears to be less than one per 
cent of the total. Similar considerations obtain regarding measure- 
ments of the drop in potential when, after equilibrium is established, the 
current is interrupted. Equality of the drop E., — E£; to the initial rise 
E, indicates constancy of the total conductivity, rather than that of the 
electronic component. Thus, at the present writing the validity of 
Eq. 3 rests upon the assumption of a non-varying electronic conductivity, 
an assumption which becomes increasingly justified as the total current 
is made small.® 

As mentioned earlier, oscillographic observations have shown that 
the drop E,, — E; is equal to the initial rise Eo, the accuracy of this 
measurement being about +5 percent. This invites the interpretation 
that the quantities LE. — FE, and E>» represent an ‘“%R drop” in the 
specimen, the subsequent rise E — Eo being a “polarization emf.” 
Following this approach, the phenomena may be represented by a circuit 
as shown in Fig. 16, where R; and R, represent reciprocal conductivities 


R; + E(t) 


sage ara ie 


Fic. 16. 


due to ions and electrons respectively and E(t) is a back emf. which is 
allowed to increase in time in an ad hoc manner after initiation of the 
current. After equilibrium has been reached, E(t) has become equal 
to E,. Upon interruption of the current the cell ‘‘discharges’’ through 
R,; and R, and the measured voltage returns slowly to zero. The initial 
rise is obviously the 7R drop due to the current through R, and R, in 
parallel and it may easily be shown that the fall of potential E.. — E, 


6 Phenomena which might give rise to a change of contact resistance with polarization are 
not considered in the present treatment; flow of neutral centers is also assumed to be unim- 


portant, 
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which occurs when the external circuit is opened is equal to the initial 
rise. 

When one passes, however, from the equivalent circuit to attempts 
to set up an actual model in terms of motion of charged particles, a 
considerable degree of complexity is encountered and the subject has 
not as yet been placed on a satisfactory mathematical basis. As 
stated above, the situation is satisfactory with respect to the initial rise 
Ey; the difficulties arise regarding a rigorous explanation of the equality 
of E, — E, and Eo. 

This equality has been shown by J. F. Marshall’ to obtain in the case 
where the constant conductivity is purely ionic, the particles being 
subject to electrical and diffusion forces. In this case, however, which 
again assumes no electrolysis, the voltage at constant current will in- 
crease indefinitely, will never reach an equilibrium value. In the 
present case where sufficient electronic conductivity exists to give an 
equilibrium emf. below the electrolysis value, the problem of explaining 
the equality in the presence of both types of carriers is still outstanding. 
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Plotter Cuts Costs of Surveying 
and Mapping.—Costs of producing 
surveys and maps for a wide variety 
of industrial and engineering uses will 
be greatly reduced through use of a 
new aerial mapping instrument an- 
nounced by the Bausch & Lomb Op- 
tical Co., Rochester, N. Y. 

Known as the Balplex Plotter, it will 
produce maps from aerial photographs 
with contour intervals as small as | to 
2 ft. When placed in the plotter, re- 
duced transparencies made from the 
photographs produce a_ three-dimen- 
sional view of the ground such as 
might be seen by a giant whose eyes 
were hundreds of feet apart. The 
new instrument makes it possible to 
produce maps from these photos at a 
fraction of the cost and time of ground 
surveying. 

One of the fastest growing fields in 
the nation, the science of aerial sur- 
veying is known as photogrammetry. 
The number of firms specializing in this 
work has expanded 20-fold in the past 
ten years as business and civic planners 
have discovered that aerial maps can 
be made in days rather than the months 
consumed in ground surveying. 

The fast, economical system of map- 
ping is now widely used to lay out 
housing developments, locate pipelines 
and highway construction, plan indus- 
trial expansions, lay out railroad ex- 
tensions, study water flow, evaluate 
timber stands, and to estimate the 
amount of coal in huge storage piles. 

Aerial mapping was not commer- 
cially feasible until ten years ago. Be- 
fore that time, instruments to do the 
job sold in the range of $100,000 and 
were thus usually available only to 
government agencies. 

In 1945, Bausch & Lomb introduced 
an aerial mapping instrument that sold 
for about $10,000. With this new 


lower-cost equipment, aerial mapping 
became a commercial possibility. This 
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instrument was known as Multiplex 
Mapping Equipment and is today one 
of the leading instruments in the in- 
dustry. The new Balplex instrument 
just introduced sells for approximately 
$4,250 and is expected to produce 
another major cut in aerial mapping 
costs. 

The Balplex Plotter consists of a 
precision table over which are mounted 
two projectors. Photographs taken 
from high-flying airplanes are con- 
verted into transparencies and inserted 
into the projectors. When viewed 
with special stereo glasses, the two 
projected images produce a three-di- 
mensional picture of the earth’s sur- 
face. The operator then traces the 
ground image with a tracing table 
which records the surface of the ground 
at a particular level, producing a con- 
tour line. The table is then readjusted 
for each subsequent contour line. 

Many design advancements, such as 
a unique light control, are incorporated 
in the Balplex to give the instrument 
greater accuracy and speed of opera- 
tion. The projector design incorpo- 
rates an ingenious ellipsoidal reflector 
developed by R. K. Bean of the U. S. 
Geological Survey. It was originally 
used in Twinplex Equipment, a device 
manufactured on special order by 
Bausch & Lomb for U.S.G.S. 

The projection transparencies, known 
as diapositives, are 110 mm. square— 
a size which permits retention of all 
necessary details in the original 9 x 9 
aerial photograph. Accurate maps 
with scales as large as 1 in. to 50 ft. 
can thus be produced. Maps can be 
made from photos taken from heights 
as low as 1000 ft. or as high as 35,000 
ft. with the Balplex. 

The Balplex projector frame can ac- 
commodate two additional projectors 
which sell at $2160 a pair. Balplex 
projectors also can be mounted on 
frames of the present Multiplex system. 


ANALYSIS OF A DIFFERENTIAL MAGNETIC AMPLIFIER 
WITH FLUX RESET CONTROL * 


BY 
CHARLES A. BELSTERLING ! 


SUMMARY 


This paper describes in detail the theoretical operation and mathematical analy- 
sis of a differential magnetic amplifier circuit operating on the flux reset control 
principle. Experimental results verify the theoretical operation and the usefulness 
of the derived gain and output range equations. With the results of this investigation, 
it is possible to make intelligent use of a simple, yet extremely versatile magnetic 
amplifier circuit. 

INTRODUCTION 


It has been recognized by leading authorities in the field of magnetic 
amplifier analysis (1, 2)? that there are several distinct methods of con- 
trolling magnetic amplifier cores. One of these is the flux reset principle 
which allows complete incremental control of the flux level in a core 
within 3-cycle of the power supply frequency. This is made possible 
by decoupling the cores operating in one } cycle from those in the other 
> cycle and setting a flux difference into a pair with an a-c. voltage 
integral. In this way, the necessity for changing the average level of a 
current in an inductance (3) is eliminated and there is no inductive time 
constant. Circuits of this type can change output level 100 per cent 
within one cycle or less of the power supply frequency. 

The circuit to be analyzed here is not new (4) and is one which the 
author has used with success simply on the basis of cut and try design. 
It is as simple and versatile as a magnetic amplifier can be and yet has 
all the desirable qualities. It contains the minimum number of com- 
ponents, has power and voltage gain, responds completely in one cycle 
of supply frequency to an a-c. or d-c. signal, is phase and polarity sensi- 
tive to its input signal and has zero output for zero input. In addition, 
it is worthwhile for considerable analysis because it is the basic form of 
a whole class of more complicated circuits operating in the same manner, 
including operational magnetic amplifiers. The results of this study 
will show the significant factors in the performance of the simplest 
circuit so that with normal engineering caution, the prediction of the 
behavior of more complicated circuits is immediately possible. 


* Submitted in partial fulfillment of the requirements for the degree of Master of Science 
in Electrical Engineering, University of Pennsylvania, Philadelphia, Pa. 

1The Franklin Institute Laboratories for Research and Development, The Franklin 
Institute, Philadelphia, Pa. 
2 The boldface numbers in parentheses refer to the references appended to this paper. 
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DEFINITIONS 
p = transform operator d/dt. 
E, = supply voltage. 
E, = control voltage. 
E> = output voltage. 
R;, Ra, Rs, Re, Rz = linear resistances. 
Ri;, Roy = forward resistance of rectifier plus winding. 
Ri, Ro = reverse resistance of rectifier plus winding. 
Ly, Le, Ls, La, Mis, Mos, Mis, Mo; = unsaturated inductances of wind- 


ings. 


LJ slope of core characteristic. 
dNi 

angles defined in an operating cycle. 
= flux difference in the cores. 

av. Eo 


voltage gain 
ge ge E, 


eee) 
power gain K,?—. 


7 
CIRCUIT DESCRIPTION 


The basic circuit for analysis is shown in Fig. 1 as a simple a-c. 
bridge in which one pair of legs contains fixed resistive elements and the 
other pair contains saturable inductive elements differentially con- 
trolled by auxiliary windings. Rectifiers in series with the cores allow 


Fic. 1. The magnetic amplifier circuit. 


~ 
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conduction of load currents in the fixed resistors during one 3 cycle. 
Then it is possible for a difference in voltage to develop across the bridge 
output terminals when the bridge is unbalanced. 

Figure 1 is lettered with standard electrical symbols for linear ele- 
ments and several modes of operation will be studied by recognizing 
changes from one condition to another of the non-linear elements. 
That is, the saturable cores will be assumed to have a flux versus mag- 
netizing force loop as shown in Fig. 2a with 100 per cent residual flux 
but negligible width. In the limit this implies a single line with infinite 
slope through the origin. It follows that the incremental inductance of 
these wound cores will have a constant value in the unsaturated state 
and zero inductance when saturated. Similarly, the rectifiers will be 
treated as resistors of a low linear value in the forward direction and a 
high linear value in the reverse direction as shown in Fig. 2b. The 
symbols are all described in the preceding section on definitions. 


I 
+ 


P sat 


j—t—_——S LOPE = 


Ni 


a. Core b. Rectifier 


Fic. 2. Assumed non-linear functions. 


THEORY OF OPERATION 


The unique operation of the circuit of Fig. 1 under the above as- 
sumptions can be described quite simply with the aid of intervals as 
defined in Fig. 3. Assume first that the circuit has been in balanced 
operation with zero control voltage for a cycle or more of the power 
supply frequency. As the power supply voltage comes down to zero, 
let us assume also that the cores are left at the positive saturation flux 
level. Now as the supply voltage goes negative, the rectifiers are high 
resistances but enough of the voltage is developed across the reactors 
that the flux levels drop through the unsaturated state to equal levels 
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at the end of the negative half-cycle (@:). The magnitude of the drop 
in flux levels is, by integration of Faraday’s law 


te o2 
f edt = N f d¢ 
tl $1 


1 f te r 
> = = *; edt 
(do 1) N ty 
which states that the change in flux is proportional to the voltage inte- 
gral developed across the reactor. Thus, the cores are reset in this } 
cycle to a level which determines the firing angle of the core in the con- 
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Fic. 3. Definition of angular intervals. 


ducting 3 cycle since when the power supply voltage goes positive the 
core can only absorb an integral of voltage equal to that of the reset 
voltage integral before it is again raised to the saturation flux level and 
“fires.”’ Since the rectifiers are now forced to conduct forward current, 
they are very low resistance. At the beginning of the positive 4 cycle 
a large proportion of the voltage is developed across the reactors until 
they fire at 6; and 6, after which most of the voltage for the rest of the 
cycle is applied to the fixed resistors Rs and R;. Since there is equal 
reset with no control voltage the cores will fire at corresponding angles 
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9; and @, and there is never any instantaneous voltage difference across 
R;, and the circuit proceeds to the end of the positive 4 cycle with the 
cores saturated and the fixed resistors R; and R, dropping equal voltages 
across them. This then is the quiescent condition when both cores 
fire at the same time to keep the bridge instantaneously balanced 
through a complete cycle. 

Now, if a d-c. voltage E, is applied as a signal any time between 4, 
and 6)’, a current will flow instantaneously in the control winding since 
both cores are saturated (zero) inductances. Then when the supply 
voltage swings negative, different voltages are developed across the 
reactors and each core is reset to a different level because the reflected 
induced current in the control winding is seen differentially in the load 


corE 1 @4, 


+ Psat 


CORE 2@ 96, 
CORE 2@4, 


CORE 2@ 4, 
CORE 1@ 6;— 


CORE 2@63 


Fic. 4. Relation of core conditions to defined angles. 


circuit reactances. The difference in the flux levels to which the cores 
are reset during 6) to 6; we have called A®, which is the differential 
quantity of flux. Now when the voltage swings positive, the core 
possessing the least amount of flux reset proceeds to saturation at 63, 
earlier than the quiescent firing angle. This core alone becomes a 
negligible inductance, unbalancing the bridge and permitting an in- 
stantaneous voltage difference to exist across R;. This condition per- 
sists until 6, when the second core goes into saturation at an angle later 
than the quiescent firing angle. From 6, to 4’ the bridge is again 
balanced with both cores being negligible inductances and equal 
currents in R; and Rg. 
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From the above description, it is evident that the output interval 
6; to 0, is in some way a function of the differential flux A® which is, in 
turn, a function of the control voltage E,. The relation between these 
quantities is the object of this study. In addition, it follows that a new 
level of control current can be attained without inductive time lag in the 
interval 6, to 6’ while both cores are in the saturated condition and there 
is no self or mutual inductance in these cores. Then, at 60’ the cycle is 
repeated at a new level of reset independent of the previous cycle. 

The angles of Fig. 3 can be directly related to conditions in the cores 
as shown in Fig. 4. The differential flux level of reset is roughly that 
difference in level in the two cores existing at 63. 

It will be noted that the above description holds for control signals 
of d.c. and of much less than the power frequency. It can be extended 
to a-c. control signals of any frequency including the power frequency by 
recognizing that the conditions in the control circuits are being sampled 
in the interval 6) to 6; and control can be exerted by a control voltage 
integral occurring in this interval. A control voltage integral applied 
between these angles introduces a differential flux level without inductive 
lag as well as a constant level of control voltage. It follows that the 
output will be polarity sensitive to the phase of a signal of power fre- 
quency depending on which 3 cycle of voltage is being applied at the 
control terminals during the interval 4 to 43. 

The intervals defined by angles in Fig. 3 can be defined literally as 
follows to aid further in a clearer grasp of the circuit operation. 6 to 
6; is the interval of injection when the existing signal conditions are 
being sampled by the reactors and produce a reset of the differential 
flux level. The interval 6; to 6, is the interval of ejection when the reset 
conditions of differential flux level are being used up to produce an 
output pulse. The interval 4, to 40’ is the free interval for independent 
preparation of the control circuit for sampling at a new average level. 


MATHEMATICAL ANALYSIS 


The mathematical analysis of the operation of the circuit has been 
carried out by the application of operational methods. Initial condi- 
tions are neglected as it is recognized that at the end of every cycle both 
cores are always at the point of full saturation and the existence of transi- 
ent conditions is not possible without any reactive elements in the 


circuit. 
The four independent mesh equations of the system can be written 


for the general case as follows: 
Ey = Zid + Zils + Zisls + Zils 
Ey = Zod, + Zook: + Zosls + Zoals 
0 =Zsli+ Zsele+ Zs3l2+ 0 
Ey =ZyalitZaele+ 0 + Zul, 
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where 
E, E, 


Z41=R;+pl1,+Ri+ Rs 
Z.. st Bs 
=—R, 
= pM, 
=R;+ pl. + Ri + Re 
Zo, = Z32 = Re 
£2un = 2g =- DM 2.4 
Z3=Rs+R+R; 
Zas = Ra t+ pls + pl 
Solutions of the array are required for the following conditions. 
Starting from 6, the initial angle of the applied voltage F,, it is desirable 
to obtain an expression for the differential flux level A® set in and held 
until the angle @;. This is simply the difference in the flux levels as a 


result of induced voltage on the two reactors during the reset intervals 
and simplifies to: 


1 
1 ed N, (Lil, + MIs] 
+V\ 


! 
b= > 


N [ Lol» _— Maul, | 


A®Ps, 6, = >: sig de = N [Lily 1% Lol, + Is(Mi4 + Ms) |. 


} 


471 


Similarly, we require an expression in the ejection interval 6; to 6, 
for the voltage induced across the unsaturated reactor to determine the 
rate at which the injected differential flux is consumed. In the above 
equation L; and M,, go to zero and it simplifies to an expression for the 
behavior of A® during the ejection interval: 


1 
AP 5,0, = N, [Lels _ Mol, |. 


Of course, the third expression is that of the output voltage during 
the ejection interval 6; to 6, which is simply: 


Eg, +6, = Ril. 


By solving the determinants of the array for the mesh currents 
(Appendix A), then letting the non-linear elements assume values cor- 
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responding to conditions in the respective intervals and substituting in 
these expressions, we have: 


oh Ms QuNE. 
wots = STRAY: + Vs + 2%, ) 
: . Ns | 
’ ] E.R, =~ i564 N; (2R; + Ri; + Rs) 
| ae 


A®s..0, = —= | 
"> " pNz | Rs(2Rs + Ry + Rd)LV1 + Y2 + Va) 


r 5 a 


; _N 
| E.R, — Ey (2R3 + Ray + Ro) 


R 4 N> 
E = —— — { 
Seite Rip + Rp | Ra(2Rs + Ray + Rs) LY; + Y2+ Y,] 
where 
R-R; 
atti 2R, + R; 
1 
Y, = — 
wl, 
Re + R; ) 
ae Rs + Ry + Re (GE 
*  (2R3 + Ruy + Re) (Riy + Rp) 
a 
: Ri, + R,; 


: N.\? 1 
Y,={—) >. 
N,/ Ry 
Combining the latter two expressions in the interval 6; to 6, gives 
A® as a function of Ey: 


Riu + Rp y 
ake (AG oa ) Tae 


Now since both cores start from the saturation flux density at 40, go 
immediately into the unsaturated state and return to the same satura- 
tion density at 6,, it follows that a differential flux level set into the 
cores during the injection period 6) to 6;, must be absorbed by the one 
unsaturated core in the ejection interval 4; to 6,, or simply the differential 
flux injected must be ejected to return to the same point. Then 


A®y,.0, = APo,.5,. 


Substituting the derived expressions in this identity gives the general 
relation between the output voltage Ey and the control voltage E,: 
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(“*) 2uN2N.R, (#5) 
p 03-8, 1 O50 5 


493 


~ DiRA(Ry + Rp Vi + Ys +2¥%i) \ p 


Recognizing that L; = uN; and N, = N» 


( Eo ) a 2N,R, ( Ey, ) 
Dp F 4%, es 0,> 05. 


NiRW(Ry +Ry)LYi1 + Ys +2V\ 


Returning to the real time domain and dividing both sides by the 
angular period of the cycle gives 


64 63 
6% E dé it 2N.R, 00 Fd 
6,’ — 6 N,Ra(Ry ot R,)C¥V; a Y; + 2Y,] Py soe 6, ‘ 
But 
hy, 
63 E.dé Phage > 
8’ im By = av. Eo 
and 


Ji 
0) L.d6 _ 0; — A 


oie 


av. E4. 
60" iw Oo 6, nets Ao : 


Under the conditions of full control or maximum output 


6; = Ao = 5 (Ao —_ Oo) 
and 


6; — 0 _ av. E, 
Of = Bn: 2. 


Replacing these values in the gain expression results in a complete ex- 


pression for the output voltage E» in terms of the average control volt- 
age E, during reset, 


av E Pe N,R,E. 
wr 8  NiRA(Ry + RCV + Ys + 2¥%7 


In the design of a circuit, some of the above values are fixed by the 
available materials such as rectifier characteristics and reactor imped- 
ances while others are fixed by source impedances and load impedances. 


The free choice remaining to optimize the gain is the turns ratio 


4 
N q 
If the gain expression is differentiated with respect to N, and the deriva- 
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tive set equal to zero, the result is an expression for the optimum turns 
ratio for maximum gain. The condition is 


opt. = R(t + u ). 
N, 2 ‘wL,) Rip + Ry 

This expression is difficult to check experimentally because it is 
highly dependent on values of the non-linear elements which are 
difficult to define accurately in the reset interval. Now, if the optimum 
turns ratio is found either by the above expression or by experiment, 
the conditions can be substituted in the gain expression to give a reliable 
simplified equation for the optimized gain. 


av. Ey N;, 


opt. ° 7 Ee ‘ 
; me an,| i + Ray | 


Now the non-linear elements are cancelled out except for Ry. 
However, this is defined as the lumped forward resistance of the reactor 
leg of the bridge and includes the winding resistance which will usually 
swamp out the conduction resistance of most rectifiers. Then the 
expression for the optimized gain should be quite accurate once the 
optimum number of turns is determined. 

It is also important in most cases to predict the available range of 
the output voltage before limiting occurs. The factors contributing 
to this limiting can be determined from the expression for output voltage 
E, previously found to be 


§ #: . N ) 

R J ER; ome EB, = (2R; + Ris + R;) [ 
a oe | ees p 

0 ta Riv t+ R, ( Ri(2R3 + Ruy + Re) LV + Y,+ Y, |) 


The second term in the bracket is a measure of the current reflected 
from the control circuit into the load circuit during the conduction 
interval @; to 6,. It is not unreasonable to assume that this is quite 
small in most cases compared with the load current. Then 

E we R, E 

~0 tho ~ vs. i ui. im %4 > ees Ser we Oy A ait . 
wets (2Rs + Ris + Ro) (Ry + RLV + Y2 + Yul rh 
Recognizing that the maximum average value of EF, is the 4 cycle 

average voltage of the power supply, 


max. av. Ey = R, E,/2.22 | 
. 9 = (2R; “+ Ry + Rs) (Ruy 4+ R,)CYi + Y, re VY.) 
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Now if the amplifier is optimized for maximum gain by proper adjust- 
ment of the turns ratio, the expression for maximum output voltage range 
with the turns ratio eliminated is: 


max. av. Ey & 
E,/2.22 


is i 
Ao Ryle) ( lolal Ruth, ), 


Ry, BB (, 
1+ e+e te ts 


Ry 
R, 


EXPERIMENTAL AMPLIFIER AND TEST PROCEDURE 


An experimental amplifier was constructed to check the above re- 
sults of the mathematical analysis. The circuit is shown in Fig. 5 and 


Ni =500T No. 26 


 UUUUUUUT ee se ae, aoe ©) 
A 


7 | 
| @ 4 
R, | Se ti ‘BIAS 
|  \" $9 4 controe 
OW, | Rs 
A = 
| le \ * INI58 
| } | €, | R; 
\ + 
E, MN 9) ewe R> E, 
(ADJ) | \ W5Vv | 
| | \ 400c 
| 
Y | — | 
Q----—* 
| | | 
50T 
“ian INIS8 | | y 
RWW >t * ® O 


a 
N,=500T No. 26 


Fic. 5. Experimental amplifier circuit. 


consists of two reactors of Deltamax 5 mil U laminations coupled through 
a common control winding. Numerous turns ratios were made avail- 
able by tapping the control windings to allow for adjustment for opti- 
mum gain. A bias winding operating on the flux reset principle was 
also included which was designed to reflect a negligible admittance into 
the load circuit. The equivalent forward and reverse resistances of the 
rectifiers were estimated from manufacturer’s data on the IN158 
diffused junction germanium diodes. The impedance of the reactors 
was measured with a sinusoidal 400-cycle voltage applied which un- 
fortunately is only a rough estimate of conditions existing in actual 
operation. 

A comprehensive series of experimental runs was taken to determine 
the gain and the maximum range of the output voltage. Runs 1 
through 5 were made by choosing a control winding resistance R, and 
varying the control turns NV, to determine the particular value of N, 
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which gives optimum gain with pure d-c. control voltage. This program 
was repeated in runs 6 through 10 with an a-c. control signal of 400 
cycles in-phase with the power supply voltage. 

Runs 11 through 16 were made under two conditions of optimum 
turns ratio varying only the line resistance R; with d-c. control. This 
plan was repeated in runs 17 through 22 with the a-c. control voltage. 
At this point, it was evident that either d-c. or a-c. control voltage 
will produce the same general effects and the remaining data are for 
the d-c. control voltage only. 

Runs 23 through 28 were made under two conditions of optimum 
turns ratio for several values of bridge resistors R; and R, and runs 29 
through 34 were made under the same two optimum conditions for 
several values of load resistance R;. The results are recorded in the 
data sheets showing the circuit constants for each run, the observed 
optimum number of control turns N,, the observed optimum voltage 
gain K,, and the observed maximum output range for optimum turns 
ratio. 

These experimental data are used to check the validity of the fol- 
lowing derived equations: 


— = 2 Sa wee 
opt. VN, = N | & ( a 2 oes ) 
2/ “\wL TR +R, 


| N 
opt. K, = 7 a. R 
ai (1 +R 
opt. max. av. Eo= 
E,/2.22 
rr -, +(1 Ry ie ) ( grow ) 

1 — 2R;:+Riyt+R | . 
148 +% me I+ (2R3s+Riz+Rs) laL,| | Ru tR, 


The values calculated from these equations are also recorded in 
Table I for comparison with the observed experimental values. Some 
sample calculations are given in Appendix B. 


CONCLUSIONS 


By observation of the experimental amplifier it was possible to verify 
the theoretical operation of the circuit as described in this report in 
every detail. The output waveform is a section of the sine wave of 
supply voltage as predicted from the defined interval 6; to 6, shown in 
Fig. 3. One of these pulses appears across R; every cycle and the width 
of the pulse is a function of the control voltage E,. The polarity of the 
output pulse is controlled by the polarity or phase relation of the control 
voltage and the output polarity can switch completely from one direc- 
tion to the opposite direction within one cycle of the power supply fre- 
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TABLE I.—Data—Observed and Calculated. 


Constant values for all runs. 


Ry = 252 N,; = 500 turns 
Ry 2.5 X 10 wL; 1.5 < 104 
E, = 115 volts 400 cycles no signal 6; = 6, = 90° 
Run Observed Calculated 
Num- Opt. Opt. Max. Opt. Opt. Max. 
ber Rs Rs Rr Rs Na . Av. Eo Ns Kv Av. Eo 
1 0 1000 2 100 25 6.00 44.8 28.8 4.90 45.9 
2 0 1000 ce 1000 75 1.73 44.0 91.0 1.63 45.9 
3 0 1000 ca 5000 180 0.72 44.5 208 0.68 45.9 
4 0 1000 0 10,000 220 0.51 43.0 288 0.55 45.9 
3 0 1000 « 47,000 550 0.24 a 624 0.24 45.9 
6 0 1000 oo 100 25 450 47.0 28.8 4.90 45.9 
7 0 1000 ea 1000 75 1.50 47.2 91.0 1.62 45.9 
8 0 1000 ~ 5000 180 0.70 46.9 208 0.68 45.9 
9 0 1000 2 10,000 210 044 46.3 288 0.58 45.9 
10 0 1000 oa 47,000 500 0.23 = 624 0.26 45.9 
11 0 1000 0 100 25 600 44.8 29 4.90 45.9 
150 1000 100 25 6.00 Ly pe 29 4.90 39.5 
13 300 ~§=6. 1000 oo 100 25 6.00 32.0 29 4.90 34.6 
14 0 100 10,000 200 0.52 44.0 288 0.60 45.9 
15 150 1000 ea) 10,000 200 0.53 36.8 288 0.60 39.5 
16 300 #81000 0 10,000 200 0.54 31.8 288 0.60 34.6 
17 0 1000 © 100 ao) OCS. 46.3 29 4.90 45.9 
18 150 1000 2 100 25 5.30 42.0 29 4.90 39.5 
19 300 1000 oo 100 25... §.40:....37i1 29 4.90 34.6 
20 0 1000 2 10,000 200 0.52 44.5 288 0.60 45.9 
21 150 1000 20 10,000 200 0.53 41.7 288 0.60 39.5 
22 300 ~=©1000 2 10,000 200 0.54 36.9 288 0.60 34.6 
23 0 250 00 5000 150 0.86 45.5 203 0.76 45.9 
24 0 1500 00 5000 150 0.88 40.3 203 0.82 44.0 
25 0 3000 2 5000 150 0.91 33.4 203 0.83 39.4 
26 0 250 re) 100 25 5.8 45.5 29 4.60 45.9 
27 0 1500 20 100 25 6.0 41.5 29 5.00 44.0 
28 0 3000 « 100 25 6.0 36.0 29 5.00 39.4 
29 0 1000 250 100 25 3.10 8.40 3.84 4.10 9.70 
30 0 1000 1000 100 25 6.00 21.3 3.60 4.70 23.6 
31 0 1000 10,000 100 25 7.00 39.5 0.49 4.90 42.0 
32 0 1000 250 5000 150 0.60 8.40 7.20 0.68 9.76 
33 0 1000 1000 5000 150 0.80 21.0 3.20 0.78 23.6 
34 0 1000 10,000 5000 150 0.82 38.9 0.33 0.81 42.0 


quency. A photograph of actual conditions verifying these theoretical 
points is shown in Fig. 6. 

Figure 7 is a typical plot of the experimental amplifier characteristics 
showing that there is a definite value of turns ratio which will result in 
maximum gain. This was predicted from the mathematical analysis 
and the expression for the optimum turns J, derived. 

Figure 8 shows an actual curve of the characteristic of the experi- 
mental amplifier. It has a fairly linear gain up to a point where the 
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Fic. 6. Photograph of amplifier response to a step change of control voltage. 


output voltage approaches a limiting asymptote. The gain equation 
has been derived and for the particular conditions is compared with the 
observed results in Fig. 8. The limiting output voltage has also been 
predicted in the analysis by the equation for maximum average Eo. 
From a comparison of experimental and calculated values as shown 
in the data sheets of Table I, the following conclusions may be drawn. 


E, x 
VOLTS 30 ing 
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RUN 3 
E,= 5OVOC 


| ! 


100 
CONTROL TURNS N, 


Fic. 7. Observed optimum turns N,. 
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The expression for optimum control turns N, everywhere shows the 
proper trend in the proper increments. However, the calculations 
result in values for Ny which are consistently high by approximately 
20 per cent. Since the value for Ry can be measured quite accurately 
and the reactor turns J, are definitely known, the errors lie in the values 


1 1 
estimated for the non-linear admittances, ———- and ————. It is 
wl Rit+R, 


further evident that the sum of these should be less than estimated. 
Since R,, is the minor contributor to the sum of the non-linear admit- 


Eo VOLTS DC 


] ! 4 l i \ J 
-80 -60-40-20 20 40 60 80 
E, VOLTS OC 


Fic. 8. Typical transfer characteristic. 


tances, the writer believes that the estimated value of wl; is too low. 
This is the magnetizing shunt reactance in the interval 4 to 43. 

The second equation tested with the experimental data is the opti- 
mized gain equation. Here the expression for the optimum turns ratio 
was substituted into the general expression for gain to eliminate the 
non-linear quantities in an attempt to illustrate conclusively that better 
accuracy is obtained when the estimation of these quantities is not 
included. The comparison of observed and calculated values on this 
basis is generally much closer, usually within 10 per cent, and here error 
has been unavoidably introduced by not having control turns tapped at 
the exact optimum values. However, again the results show that the 
equations predict the effect on the optimized gain of all changes in 
circuit parameters in the correct directions and increments. 

The remaining expression to be tested with the experimental data 
is that of the maximum range of output voltage. Here again the 
expression for optimized turns ratio was substituted to simplify the 
calculations, but this time to eliminate the turns ratio itself and let the 
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non-linear elements remain. These elements in this expression are 
minor contributors to the results, so less error is expected from this 
source than in the expression for optimum turns ratio. The correlation 
between most observed and calculated values is again approximately 
10 per cent and everywhere the trends are well established and relatively 
correct. 

Further errors could have developed easily in determining the values 
of observed optimum turns, gain, and maximum range because of the 
necessity of interpolating between measured values (Fig. 7), estimating 
values for the gain, which is not quite linear, and determining the actual 
value of the maximum output level (Fig. 8). However, the writer 
believes that qualitatively, at least, the validity of the results of this 
analysis has been established. Future work should include a more 
accurate determination of values for the non-linear elements during the 
appropriate intervals. 


DISCUSSION 


We now have the following equations for use in predicting the per- 
formance of a differential magnetic amplifier with flux reset control. 


N J 
av. E, = ——  . Ee - (Gain) 
NR, (1 + 7 ) [Yi+ ¥;+2Y,] 


max. av.E» 

E,/2.22 
R ee - (Range). 
<u ) (Y.it ¥.4+ Yi] 


(2R; + Ri; + Rs) ( ts 


Equivalent circuits to show schematically the effect of circuit param- 
eters are shown in Fig. 9. In addition to satisfying the condition for 


i ; eS te ; 
optimum control turns N, = Ni (Y,+ Y3) the best choice of 


other circuit parameters is apparent. The gain equivalent circuit shows 
EW, 
RW, 
output current is applied across the parallel combination of impedances 


a nA and _ reflected into the load circuit, to produce a generated 
Y,' Ys 2Y, 

voltage E’. This voltage is divided across Ri; and R,, in series, to give 
the terminal voltage Eo. For maximum gain, the forward resistance of the 
rectifiers must be much less than 4 the resistance network made up of 
the fixed bridge resistors Rs and Rs, in parallel with the load resistor. 


In addition, the core reactance 1/Y,, the reverse rectifier resistance 1/Y, 


that the cores act as a current generator of magnitude J’ = Its 
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and the reflected signal source resistance 1/Y, must all be as high as 
possible. 

For maximum range of output voltage the above conditions must 
also be satisfied, with the exception of optimum turns ratio. In 
addition, it is necessary to keep the ratios of the line resistance R; to 
the parallel resistance network R,, and the bridge resistance R, to the 
load resistance R;, as small as possible. The reflected conductance of 
the control circuit should be held to a minimum. 


a SE 
¥,:% 8% 

| 

i e e 


7 * 


b. Maximum range equivalent circuit. 
Fic. 9. Equivalent circuits of derived equations. 


Some interesting observations can be made through further study of 
the gain equation. If all the above conditions are carried to the extreme 
to obtain maximum gain, the result would be 


> ? N; 
max. K, = ON, 
which would lead one to believe that reduction of the control turns 
toward zero would give an unlimited voltage gain. However, this con- 
clusion is not valid and illustrates one of the weak points of this analysis, 
that is, the assumption of a core hysteresis loop with negligible width. 
Actually, some NJ must be supplied by the control source to produce a 
change in the reset level. Then, in the case of real core characteristics, 
the above maximum gain equation would hold true only if the control 
source could supply an infinite amount of current. The error resulting 
from this condition is already becoming apparent in the data recorded in 
the experimental section of this investigation where the optimized value 
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of gain has the least correlation for N, = 25 turns. It illustrates that 
even though the yu of the core has cancelled from the gain equation, it is 
important to minimize magnetizing current. 

Values of power gain may also be of interest. If it is defined as 


then values calculated from the experimental data show a range of 


: ‘ ee , ‘ , ee 
power gain up to 7.2 and indicate a further increase with higher R. ratio 


‘ 


as shown in Table I for runs 29 through 34. 
This differential magnetic amplifier circuit is analogous to the 
differential vacuum tube amplifier circuit in configuration as shown in 
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a. Vacuum tube differential circuit. 


LIMITING R3 


b. Magnetic differential circuit. 


Fic, 10. Vacuum tube-magnetic amplifier analogy. 
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Fig. 10. Thus, the maximum gain will be available when the cores are 
biased Class A or at zero signal 8; = 6, = 270°. The instantaneous 
currents flowing in each half of the differential circuit after @ = 270° are 
limited only by the branch circuit resistance remaining and can become 
quite large when R; and R, are necessarily low. The solution to this 
problem is to add line resistance R; to limit these currents and as shown 
by the derived gain equation and the experimental results, the amplifier 
gain is not altered. 

These differential amplifier circuits can be cascaded easily if the 
principles of reset control are observed. That is, the output 3 cycle of 
one stage must be phased so that it occurs in the reset 3 cycle of the 
following stage. In this way, the gains of all the stages will multiply 
and the over-all response time will be a maximum of one cycle for the 
first stage plus an additional 3 cycle for each following stage. Power 
loss in resistance coupling networks can be eliminated by center-tapping 
the control windings of the stages following the first and connecting 
them as the fixed bridge resistances. 

The circuit is also useful as an operational amplifier for the addition 
of isolated quantities and the performance of certain feedback functions. 
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APPENDIX A. SOLUTIONS OF THE ARRAY FOR THE MESH CURRENTS 

The mesh equations (from Fig. 1) are: 

Ey = Zili + Ziele + Zisls + Zale 
Es = Zadi + Zoole + Zosls + Zod 
0 = Zaidi + Zale + Z33l3 + 0 

Ey =Zyhit+Zyel2+ OF + 2Zals, 


where 
E, = Ep 
4n=Rs+plitRkitRs 
Zi2 = Zn = Rs 
Zi3 = Zi =— Rs 
Zi = Zan = PM 
Zx, = R; + pl2 + Ro + Ro 
Z23 = Z32 = Reo 
Zon = Za = — PM 


“ee Rs + Rs + R; 
Rg + pL; + pls. 


N 

- 

$ 
II 
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Solution of the determinants of the array gives the following general equations for the mesh 
currents: 


E,(Zs(Z22Z23 en Z23°) — Z33Z2¢ | 
[ 


— FlZu(Zi22s3 — ZiZ2s) — ZZuZu] 
D 


_ Elds(ZZu — ZZu) + Za(ZnZe — ZuZe)) 
D 
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These expressions for the currents were substituted into the following equations and the 
impedances assigned for the appropriate intervals. 
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APPENDIX B. SAMPLE CALCULATIONS 


Run 3 


(a) Opt. N, = N, “{ aa + Re tz) 
N, = 500 turns 
wl, = 1.5 X 104 ohms 
Ry, = 2.5 X 105 ohms 
R, = 1000 ohms 
R; = 5000 ohms 


> 5000 1 1 
opt. Ne SO V a (= x 10° * 5K 10° + ina ) 


opt. Vy = 500 ¥2500(0.7 x 10~) 
opt. N, = 208 turns 
N 
ane(1 +e) 
N, = 180 (observed opt.) 
Ry = 25 ohms. 


(b) Opt. Ky = 


opt. K, = 500 - 
4x 180(1 + cw) 
opt. K, = 0.68 
(c) Opt. max. av. Eo = 
: E,/2.22 
Ry , Rs, Re Ri) , (5 ) 
Lt ete + Rt (1+ Ql) Rs + Rit Ro ntETE 
E, = 115 volts rms. 
5/2.22 
opt. max. av. Eo = ¥ 5 5/2. 7G i 
1 + agg + (1 + sag5 ) OS + 0000 Pos + ee a) 


opt. max. av. E, = 45.9 volts 
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World Climate Warming Up.—A 
General Electric engineering consultant 
has suggested that the apparent “‘warm- 
ing up” of the world’s climate may be 
attributed to mankind “contaminating 
the Earth’s atmosphere faster than 
Nature can clean it.” 

Dr. John G. Hutton of G.E.’s Gen- 
eral Engineering Laboratory in Sche- 
nectady, N. Y., said the man-made in- 
crease in the belt of carbon dioxide en- 
circling the Earth may be “having a 
greenhouse effect on our climate.” 

Trees and plant life take up carbon 
dioxide and discharge oxygen, thus 
tending to purify the atmosphere. 

“However,” he added, “when people 
chop down trees, bulldoze once-rural 
land for new suburbs, and build fac- 
tories on former open fields, they lessen 
.the amount of carbon dioxide Nature is 
cleaning from our air, as well as the 
oxygen Nature is putting into it. 

“At the same time, people are in- 
creasing the air contamination by run- 
ning more automobiles, trucks, trains, 
planes and ships, by building more fac- 
tories and refineries and in other ways 
pouring carbon dioxide and other con- 
taminants into the atmosphere.” 

Thus, he explained, the carbon di- 
oxide content in the atmosphere is in- 
creasing, and this in turn may well 
have a “greenhouse”’ effect on the tem- 
perature of the air around us. 

Dr. Hutton made the observations in 
a dinner address before members of the 
Cleveland Engineering Society. Speak- 
ing on “Fact and Fantasy,’ he also 
discounted the theory that the atomic 
test explosions caused weather changes 
resulting in floods, drought or tem- 
perature swings. 

The G.E. consultant cited the Los 
Angeles smog problem as an illustra- 
tion of the scientific theory that the 
world’s population may be contributing 
more to atmospheric changes than any 
meteorological evolution or the nuclear 
explosions. 


CurRRENT Topics 


(J. F. I. 


“Many people believe that the nu- 
clear explosions have affected our 
weather patterns,” Dr. Hutton said. 
“But how insignificant the energy of a 
hydrogen bomb explosion is when one 
considers that it would take exploding 
H-bombs at five-mile intervals over 
the face of the earth to equal the 
amount of radiation the Earth receives 
each day from the sun.” 

A summer thunderstorm, he said, 
has considerably more energy than any 
known H-bomb, yet it has no effect on 
the over-all weather pattern of the 
world. 

“Nor does a hurricane, more violent 
than a thunderstorm and usually spread 
over a far wider area, have any more 
effect,” he added. “The global weather 
pattern still prevails, with its winds, 
its high-pressure areas and its low- 
pressure areas.” 

Dr. Hutton noted that scientists 
throughout the world are preparing to 
study the “greenhouse”’ effect of car- 
bon dioxide on climate to determine 
whether it might be causing a gradual 
warming of the Earth’s air tempera- 
ture. The study will be made as part 
of the observance of the International 
Geophysical Year in 1958, he said. 


Slip Covers with Inside Piping.— 
Industry, taking a tip from busy home- 
makers, has come up with a novel idea 
of using “slip covers” to keep plant 
piping from corroding. The covers, 
which are made of oil-based vinyl plas- 
tic, are simply wrapped around ducts 
and conduits, closed with a plastic 
zipper, and sealed at the ends with 
vinyl tape and a brush-on coating. 
These plastic “zip covers” come in 
sizes to fit insulated pipe ranging from 
one-half inch to 33 inches in diameter 
and in lengths up to 100 feet, providing 
electrical insulation as well as protec- 
tion against corrosion. Plastic jackets 
for factory piping represent one of the 
latest applications of petroleum prod- 
ucts in the field of industry. 


MEDAL DAY PROCEEDINGS AT THE FRANKLIN INSTITUTE 


October 19, 1955 


The annual reception, dinner, and presentation of awards, known 
as ‘‘Medal Day,” took place at The Franklin Institute on Wednesday, 
October 19, 1955. The reception began at 6.30 P.M. and dinner was 
served at 7.10 p.m. Mr. S. Wyman Rolph, President of the Institute, 
presided at the dinner and presented the subsequent awards. 


RECEPTION 


The usual reception preceded the dinner and was attended by 
approximately 375 persons. 


INVOCATION 
The Reverend Philemon F. Sturges, Rector, St. Martin-in-the-Fields, 
Philadelphia, Pennsylvania, delivered the invocation. 
* ok * 


Mr. Rolph extended thanks and appreciation to the members of the 
Hostess Committee of The Franklin Institute for their able assistance 
and for their kindness in providing the beautiful floral decorations. 
Dinner was then served. 

TOAST 


Mr. Rovpu: ‘‘Ladies and gentlemen, will you rise so that we may 
continue our time-honored tradition—a toast to the great man in 
whose memory this institution was founded. May we ever continue 
to bring honor to his name.” 

* o*K * 

Mr. RoLpuH (continued): ‘‘Now let us adjourn to the Lecture Hall 
on the floor below, where we will proceed with the medal-awarding 
ceremonies for which we have gathered tonight. There are stairs 
beyond the bronze gates on the far side of this Hall. There are eleva- 
tors just beyond these pillars. We will continue our meeting in the 
Lecture Hall in ten minutes.”’ 


ADJOURNMENT TO LECTURE HALL 


Mr. Ropu: “Distinguished guests, members of The Franklin 
Institute, Ladies and Gentlemen, I bid you welcome to the presenta- 
tion of our Medal Awards for 1955. This marks the first Stated 
Monthly Meeting of the Institute for this season, and the first since 
May 18, 1955. The Minutes of the May meeting were published in 
the June issue of the JOURNAL OF THE FRANKLIN INSTITUTE. If there 
are no corrections or additions ...I1 declare them approved as 


printed.”’ 
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INTRODUCTION OF FORMER MEDALISTS 


Mr. RovpH: “We are honored at these ceremonies by the presence 
of former recipients of medals of The Franklin Institute. Tonight we 
have a distinguished gathering. I call upon Mr. Ralph H. McClarren, 
Chairman of the Committee on Science and the Arts, who will introduce 
them to us—and let us now remember that the Science and Arts 
Committee is nearly one hundred and twenty-two years old and has 
quite some tradition behind it. As he is introduced, will each of our 
honored guests rise and remain standing until all names have been 
called. And will you, Ladies and Gentlemen, withhold your applause 
until all are standing? Mr. McClarren.”’ 

Mr. McCarren: ‘Former Medalists with us this evening are: 


FoRMER MEDALISTS ATTENDING MEDAL Day—1955 


Year Medalist City 
CRESSON (Founded 1848) 

1875 Merck & Co., Inc. Rahway, New Jersey 
represented by Charles A. Krieger 

1909 Underwood Corporation New York, New York 
represented by David J. Crombie 

1910 Automatic Electric Company Chicago, Illinois 
represented by Percy G. Black 

1934 Westinghouse Air Brake Company Pittsburgh, Pennsylvania 
represented by G. W. Baughman 

1952 H. Birchard ‘Taylor Ithan, Pennsylvania 

CERTIFICATE OF MERIT (Founded 1882) 

1908 General Electric Company Schenectady, New York 
represented by James J. FitzGibbons 

1921 Joseph S. Hepburn Philadelphia, Pennsylvania 

1939 E. Burke Wilford Merion, Pennsylvania 

1942 John J. Grebe Midland, Michigan 

1942 Walter Larkin Norristown, Pennsylvania 

1942 Goodyear Tire & Rubber Co. Akron, Ohio 
represented by Butler Doolittle 

1944. Western Union Telegraph Company New York, New York 
represented by J. Z. Millar 

1945 Walter J. Coppock Moylan, Pennsylvania 

1947 Peter F. Mulder Shippensburg, Pennsylvania 

LONGSTRETH (Founded 1890) 
1904 Yawman & Erbe Manufacturing Company Rochester, New York 


represented by James T. Brophy 
1911 Joseph S. Hepburn (already standing) 


1921 L.H. Adams Washington, D. C. 

1922 Joseph F. Keller New York, New York 

1922 Remington Rand, Inc. Stamford, Connecticut 
represented by Paul E. Almquist 

1923 Harry S. Parks Pottstown, Pennsylvania 

1927 James F. Smathers Poughkeepsie, New York 

1928 Frank N. Speller Pittsburgh, Pennsylvania 


1948 Nicholas F. Arone Upper Darby, Pennsylvania 
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Potts (Founded 1906) 
1939 N.K. Chaney Philadelphia, Pennsylvania 
1948 Clarence A. Lovell Summit, New Jersey 
Levy (Founded 1923) 
1945 Rupen Eksergian Media, Pennsylvania 
1946 George C. Southworth Chatham, New Jersey 
HENDERSON (Founded 1924) 
1937 Rupen Eksergian (already standing) 
1954 C. L. Eksergian Media, Pennsylvania 
WETHERILL (Founded 1925) 
1932 Monroe Calculating Machine Co. Orange, New Jersey 
represented by George C. Chase 
1934 E. Newton Harvey Princeton, New Jersey 
1941 Harold S. Black Summit, New Jersey 
1951 Reid Berry Gray Baltimore, Maryland 
1952 Albert J. Williams, Jr. Philadelphia, Pennsylvania 
Brown (Founded 1938) 
1954 Edmund Germer Irvington, New Jersey 
BALLANTINE (Founded 1946) 
1947 George C. Southworth (already standing) 
1949 Sergei A. Schelkunoff New York, New York 
1952 Walter H. Brattain Murray Hill, New Jersey 
1953 David G. C. Luck Collingswood, New Jersey 


Mr. Rovpu: ‘Gentlemen, we are honored to have you with us to- 
night. Thank you, Mr. McClarren.” 


“It is our custom at this time to ask Dr. Henry B. Allen, Executive 
Vice-President of the Institute, to report briefly on our activities 
during the foregoing year. Dr. Allen.” 


REPORT OF THE SECRETARY 
“The Institute in 1955” 


Dr. ALLEN: ‘‘Mr. President, Ladies and Gentlemen. In gathering 
together a few of the highlights of the past year, | made ‘usefulness’ 
my yardstick—for this was the measure Benjamin Franklin used in 
regulating his own life. 

“Our efforts to make our Museum attractive as well as instructive 
seem never-ending but are continually bearing fruit. Much attention 
has been given to the planning of new exhibits that will give our visitors 
a conception of important technical developments. At the same 
time, we are working toward a more attractive display of some of our 
old—but still timely—exhibits. The most extensive addition to our 
Museum is the Nickelodeon, a replica of the old-time motion picture 
house in which early moving pictures are shown. And also in our 
famous Locomotive Room, construction is underway of an extensive 
model railroad which will have some unique experimental features. 

‘Most of you, I am sure, are aware of the need for recruiting young 
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people into the technical and scientific fields. In this connection, an 
effort was made to display to high school students the opportunities 
for employment presented by the metallurgical industries. This was 
done in cooperation with the American Society for Metals, and met 
with such favorable response that we have been encouraged to make 
similar efforts with other industries. And also our ‘work shops’ for 
the young people have shown increasing interest. 

“In the more technical and scientific fields, our own Laboratories 
for Research and Development continue to grow. With a technical 
staff of something over 230, our work for industry is about double that 
of the year before. Two new research sections were established this 
year: Engineering Psychology—a field of study that shows industry 
how best to fit its machines and processes to the abilities of its person- 
nel; and another, Heat and Power—which shows promise, particularly 
in the field of nuclear power. 

‘“‘Among our many Laboratory projects is one diagnosing the nature 
of smog and preparing the way for its abatement. Another project 
resulted in our finding a way to make adhesive bonded metal joints 
that are superior in many respects to riveted or welded joints. And 
grants from three Foundations are making it possible to develop 
surgical devices and aids for the blind, and to design endoscopic in- 
struments—in every-day language, instruments carrying small but 
powerful lights for internal examinations. Another project resulted in 
the development of the Projection Magnifier, designed to help those 
whose sight deficiencies make ordinary printed matter impossible to 
read without the aid of powerful lenses. The Magnifier is now being 
produced by the American Optical Company, and one of the first 
models off its line is in our Laboratory exhibit outside the Lecture 
Hall for your inspection. I wish there were more time this evening 
to note in some detail the increased contributions of our Bartol Labor- 
atories in nuclear physics, including cosmic rays. 

“Our Library recently acquired microfilm copies of the hand-written 
patent specifications for the years 1790 to 1835—establishing the only 
record of this material in a Library outside of the Patent Office Library. 
And speaking of our Library, I should like to mention that our Librarian, 
Walter Pertuch, was honored at our Stated Meeting last November in 
recognition of his fifty years of service on the staff of the Institute. 

“Our JOURNAL OF THE FRANKLIN INSTITUTE spent a busy year 
preparing the special January 1956 issue commemorating the 250th 
anniversary of Franklin’s birth. Eighteen societies throughout the 
world to which Franklin belonged or founded will have papers in this 
issue—written in lay language and depicting advances in many fields 
of science and sociology since Franklin’s day. 

“Our endowment funds yield only a small percentage of income 
required to operate our regular activities. We are stepping up our 
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efforts to increase our annual gifts for operating expenses and to 
obtain additional funds for general and specific purposes. The gifts 
received in the past year, and others which we hope will come, will 
help us in our broad educational work, especially with junior and 
senior high school students. 

“One special thing about 1955 is that we ‘went over the top,’ so to 
speak, when we had 7,002 members on our rolls as of September 30th. 
This is an all-time high for membership. Now our good Membership 
Committee is setting itself a new, higher goal. 

“And one last highlight which just happened this afternoon: Dr. 
John S. Burlew has just been elected Director of The Franklin Institute. 

“TI close by paying tribute to the volunteer members of our Com- 
mittee on Science and the Arts, for tonight’s awards are the result of 
their conscientious and thorough investigations. One of the members 
of the Committee, who was to have been a sponsor this evening, was 
forced to decline—because he himself was awarded the Beal Medal of 
the American Gas Association in California just yesterday !—Thank 


” 


you. 
Mr. Ropu: ‘Thank you, Dr. Allen. (It was Mr. Edward Boyer 


who received the Beal Medal in California yesterday.)”’ 


PRESENTATION OF AWARDS 


Mr. Ropu: “In the Minutes of a meeting of the Board of Managers 
of The Franklin Institute held on March 18, 1953, there was a Resolu- 
tion for the observance of the 250th anniversary of the birth of Benjamin 
Franklin. The Resolution starts out: 


Whereas, Benjamin Franklin was one of the first and greatest American pioneers in 
the promotion and communication of knowledge for the benefit of people in all 
countries, making significant contributions in the fields of pure and applied science, 
education, medicine, agriculture and the graphic arts, as well as domestic and inter- 
national public service. . . 


“and the Resolution goes on to say that we would ‘cooperate with 
other Sponsors in the communication of these and other ideas to the 
citizens of all countries, for the purpose of helping toward a better 
world kinship and understanding among their people.” 

Tonight we have with us men of several nations who have shared, 
with all, the fruits of their investigations and labors. We hope that 
the international scope of our medal awards contributes to the free 
communication of ideas among citizens of all countries so that a better 
world kinship and a better understanding among all peoples will be 
possible. 

‘You may have noted that the Franklin Medal, our highest award, 
is missing from the program tonight. It will be presented on January 
18, 1956, as part of our 250th anniversary celebration. This celebra- 
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tion, next year, will be marked by free communications among peoples 
of all languages, of all free nations, in commemoration of this great 
man who once said: 

God grant, that not only the Love of Liberty, but a thorough Knowledge of the 


Rights of Man, may pervade all the Nations of the Earth, so that a Philosopher may 
set his Foot anywhere on its Surface, and say, ‘‘This is my country.” 


“Could we today put that hope into more effective words? 

‘“‘Now, let us proceed with the presentation of awards for 1955. 
Each Medalist is sponsored by the chairman of that sub-committee of 
the Committee on Science and the Arts which recommended him for 
the award. This sponsor will present the Medalist and read his 


citation.” 


PRESENTATION OF THE ELLIOTT CRESSON MEDAL 
(Founded in 1848) 


This Medal is awarded for discovery or original research, adding 
to the sum of human knowledge, irrespective of commercial 
value; leading and practical utilizations of discovery; and 
invention, methods or products embodying substantial ele- 
ments of leadership in their respective classes, or unusual skill 
or perfection in workmanship. 


(To F. Philip Bowden, Reader in Physical Chemistry, 
University of Cambridge, Cambridge, England.) 


F. Paitip BOwDEN 


Mr. Ropu: ‘‘First, the Chair recognizes Dr. Frederic Palmer.”’ 

Dr. PALMER: ‘‘Mr. President, I present, 7m absentia, F. Philip 
Bowden for an award. 

“Dr. Bowden has contributed greatly to our understanding of 
phenomena that involve friction. For over two hundred years, the 
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chief cause of friction between two rubbing surfaces was thought to be 
the interlocking of their high spots. Most physicists, led by Bowden 
and his co-workers, now accept the theory that it is both plastic flow 
and welding at these high spots that causes friction. This means that 
the actual area of contact between two surfaces is small. It occurs 
only at the high spots and is independent of the degree of polish. 
This area is proportional to the load, since heavier loading causes 
greater plastic deformation. At local points of adhesion, very hot spots 
may develop that assist plastic flow and welding. Thus frictional re- 
sistance is due primarily to the shearing of welds at points of con- 
tact and secondarily to the ploughing of one material into the other. 

“These and many other consequences of the weld theory of friction 
have been deduced from the ingenious and convincing experiments in 
Bowden’s laboratory. It is hard to exaggerate their importance since 
we encounter friction at every turn. 

“T present, im absentia, F. Philip Bowden, of Cambridge, England, 
as a candidate for an Elliott Cresson Medal, ‘For his extensive experi- 
mental investigations of the friction between solid surfaces, investiga- 
tions which combine simplicity and clarity, and for his findings regarding 
the detailed nature of the processes involved when one metal slides 
over another.’ ”’ 

Mr. Ropu: “Thank you, Dr. Palmer.” 

Mr. Ropu (continued): ““Mr. O’Donoghue, it is my pleasure, on 
behalf of The Franklin Institute of the State of Pennsylvania, in the 
absence of Dr. Bowden, to present to you, as Consul General of Great 
Britain, an Elliott Cresson Medal and the Certificate and Report which 
accompany it. Mr. O’Donoghue, will you see that they are forwarded 
to Dr. Bowden ?”’ 

Mr. O’Donoghue accepted the Medal, Certificate and Report. 


PRESENTATION OF THE EDWARD LONGSTRETH MEDALS 
(Founded in 1890) 


This Medal is awarded for inventions of high order and for 
particularly meritorious improvements and developments in 
machines and mechanical processes. 


(To Robert W. Berriman, Emulsion Chemist, Kodak Limited, 
Wealdstone, Harrow, England; Cecil Waller, Chief Emulsion Chemist, 
Ilford Limited, Ilford, London, England; and Richard Y. Case, As- 
sistant Manager & Chief Engineer, Power Transmission Division, 
United States Rubber Company, Philadelphia, Pennsylvania.) 


Mr. Rovpu: ‘The Chair recognizes Dr. Julian W. Hill.” 
Dr. HILv: “Mr. President, I present Robert W. Berriman and, 
absentia, Cecil Waller for awards. 
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“In 1867, it was observed that uranium salts fog photographic 
plates. This observation led, some thirty years later, to the discovery 
of radioactivity by Becquerel, who correctly interpreted the effect as 
resulting from an emanation, or radiation, from the uranium. 

“Subsequent investigators showed that certain atomic particles 
emanating from radioactive elements leave individual tracks when 
they pass through the gelatin-silver halide emulsion of a photographic 
plate or film. These tracks are visible in the developed film as micro- 
scopic lines. Until recently, however, the study of atomic phenomena 
by the use of photographic film, despite this early promise, was dis- 
appointing. The films available responded only to particles that are, 
in the atomic sense, relatively slow and heavy, and results were erratic 
and not amenable to precise study. Advances in atomic physics for 
several decades depended on observations of atomic particles in other 
ways, for example, the Wilson cloud chamber and the Geiger counter. 


RosBert W. BERRIMAN Ceci, WALLER 


“Within the past decade, the photographic film has at last become 
a precise and powerful tool for the observation of nuclear particles, 
and for this science is indebted to our medalists. Mr. Waller, after 
unsuccessful attempts by others, developed an emulsion of much 
increased sensitivity to heavy particles, such as alpha particles, and 
made quantitative studies possible. Dr. Berriman, working independ- 
ently, developed emulsions sensitive to light, fast particles such as 
electrons. 

“The work of these two men is, in a very real sense, complementary, 
and it is fitting that they should share in a joint award. 

“T present Robert W. Berriman, of Harrow, Middlesex, England, 
and, im absentia, Cecil Waller, of London, England, as candidates for 
an Edward Longstreth Medal, each, ‘In consideration of their contri- 
butions to the development of photographic emulsions especially 


Dec., 1955.] MepAL Day PROcEEDINGS 515 


designed for the study of nuclear particles and events, which have 
made possible important new advances in this field, including the 
discovery of new nuclear particles and a better understanding of 
cosmic rays.’ ” 

Mr. Rovpu: “Thank you, Dr. Hill. Dr. Berriman, by the same 
authority, I present to you this Edward Longstreth Medal and the 
Certificate and Report which accompany it.”’ 

Dr. BERRIMAN: “Thank you.” 

Mr. Rovpu: “By that same authority, I present to Mr. Waller, in 
absentia, this Edward Longstreth Medal and the Certificate and Report 
which accompany it. Will you accept them for him, Dr. Berriman?”’ 

Dr. BERRIMAN: ‘Thank you.” 

Mr. Rovpu: ‘The Chair recognizes Mr. Francis G. Tatnall.”’ 

Mr. TATNALL: ‘‘Mr. President, I present Richard Y. Case for an 
award. 


RicHarD Y. CASE 


“Richard Case developed and tested, over a ten-year period, his 
‘Timing’ Belt invention. This belt has rapidly taken its place in 
industry, replacing such older devices as gears, silent chain, roller 
chain, V- and flat belts, and is now standard equipment on a variety 
of mass-produced machines, including commercial sewing machines, 
business machines, machine tools, and power-driven hand tools. 

“The advantages of this devicé are: 

“Positive engagement of teeth with pulley grooves assures no 
slippage, creep, or power loss, and gives precision control of speed 
ratio; very small pulleys can be used without slippage, permitting 
short centers and high ratios. It is practically stretch-less because of 
steel cables, which also give greater pulling power, and the size of the 
belt can be varied for any horsepower requirements. The absence of 
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metal-to-metal contact eliminates lubrication ; it is very light in weight ; 
tests prove the belt drive quieter than precision gears running in an 
oil bath; and efficiency is maintained for low and high speeds up to 
16,000 feet per minute. It does not depend on initial tension, resulting 
in high efficiency and low bearing pressure, often permitting lighter 
and cheaper bearings, and it is easily installed. The maintenance cost 
of the ‘Timing’ Belt is low because of elimination of stretch, lubrication, 
replacements, and power waste. 

“I present Richard Y. Case, of Philadelphia, Pennsylvania, as a 
candidate for an Edward Longstreth Medal, ‘In consideration of his 
invention of a successful ‘“Timing”’ Belt, built upon a toothgrip design 
that makes positive engagement with axially cut grooved pulleys, thus 
producing a completely positive belt drive that does not depend upon 
frictional grip for the transmission of power and makes possible high 
precision timing between two or more shafts.’ ”’ 

Mr. Rovpu: “Thank you Mr. Tatnall. Mr. Case, by the same 
authority, I present to you this Edward Longstreth Medal and the 
Certificate and Report which accompany it.” 

Mr. Case: “Thank you.” 


Davip ALBERT HUFFMAN 


PRESENTATION OF THE Lours E. LEvy MEDAL 
(Founded in 1923) 

This Medal is awarded to the author of a paper of especial 

merit, published in the JOURNAL OF THE FRANKLIN INSTITUTE, 

preference being given to one describing the author’s experi- 

mental and theoretical researches in a subject of fundamental 

importance. 

(To David Albert Huffman, Assistant Professor of Electrical 
Engineering, Massachusetts Institute of Technology, Cambridge, 
Massachusetts. ) 
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Mr. Ropu: “The Chair recognizes Dr. Joseph S. Hepburn.”’ 

Dr. HEpBuRN: “Mr. President, I present David Albert Huffman 
for an award. 

“Dr. Huffman’s paper, “The Synthesis of Sequential Switching 
Circuits,’ presents the results of a fundamental investigation, carried 
out at the Massachusetts Institute of Technology, into how modern 
‘thinking’ machines can be designed. These machines include those 
used in the nation-wide telephone switching system, in automatic 
traffic control, in automation of factories, and in high-speed electronic 
computers. Some say that these machines, like people, have memories 
because the way they act depends not only on what is being done to 
them now but also on what has been done to them in the past. Since 
they can ‘remember,’ they can work with man to relieve him of much 
of the burden of performing routine mental labor. 

“The main results of Dr. Huffman’s work are to show how the 
design specifications for a thinking machine may be put into an exact 
mathematical language, and how the machine can be built from these 
specifications. The philosophy he develops is based on the idea that, 
no matter how complicated the required circuits are, they may be 
built from interconnections of simple devices, such as switches, vacuum 
tubes and transistors, which send out to, and receive from, the other 


devices only two kinds of signals. The research shows how many of 
these devices there must be and what instructions they must follow 
when they signal to each other. 

“T present David Albert Huffman, of Cambridge, Massachusetts, 
as a candidate for the Louis E. Levy Medal, ‘In recognition of his 


” 


outstanding paper, ‘“The Synthesis of Sequential Switching Circuits, 
appearing in the March and April, 1954, issues of the JOURNAL OF 


THE FRANKLIN INSTITUTE.’ ”’ 
Mr. Rotpu: ‘‘Thank you, Dr. Hepburn. Dr. Huffman, by the 


same authority, I present to you this Louis E. Levy Medal and the 


Certificate and Report which accompany it.” 
Dr. HuFFMAN: “Thank you.” 


PRESENTATION OF THE GEORGE R. HENDERSON MEDAL 
(Founded in 1924) 


This medal is awarded for meritorious inventions or discoveries 
in the field of Railway Engineering. 


(To Carleton K. Steins, Mechanical Engineer, The Pennsylvania 
Railroad Company, Philadelphia, Pennsylvania.) 
Mr. Ropu: ‘‘The Chair recognizes Mr. C. D. Galloway.” 
Mr. Ga.toway: ‘Mr. President, I present Carleton K. Steins for 
an award. 
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“Modern railroading requires teamwork in research under the 
guidance of experienced engineers. 

“Mr. Steins’ distinguished accomplishments in this field are nu- 
merous and varied and have, in many ways, improved the efficient 
handling of both freight and passenger traffic in the United States. 
Some of his developments are as follows: 

“His design of the type Q2 non-articulated freight locomotive, of 
which twenty-six were built, including his patented driving wheel ‘slip 
control mechanism’ and automatic steam valve; 

“His patented freight load retaining apparatus for the interior of 
box cars to prevent damage to stacked materials; 

“His design of a depressed center flat car to handle loads up to 
500,000 pounds; and 

“The development of post war high tensile steel passenger cars with 
unique ventilation, and air conditioning ducts as elements of the car 
structure. 


CARLETON K. STEINS 


“In 1954 Mr. Steins was appointed chairman of an engineering 
railroad group to study light weight, high speed, low cost passenger 
equipment both here and abroad. 

“From this committee came several proposed trains, one of which 
was designed by Mr. Steins. This is now under construction and will 
be completed and in operation early next year. 

“IT present Carleton K. Steins, of Merion Station, Pennsylvania, 
as a candidate for the George R. Henderson Medal, ‘In recognition of 
his numerous outstanding inventions contributing to the progress and 
efficiency of the railroad transportation systems, and his high engineer- 
ing attainments in this same field.’ ’’ 

Mr. Ropu: “Thank you, Mr. Galloway. Mr. Steins, by the same 
authority, I present to you this George R. Henderson Medal and the 
Certificate and Report which accompany it.” 

Mr. STErns: “Thank you.” 
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PRESENTATION OF THE JOHN PRICE WETHERILL MEDALS 
(Founded in 1925) 


This Medal is awarded for discovery or invention in the 
physical sciences or for new and important combinations of 
principles or methods already known. 


(To René A. Higonnet and Louis M. Moyroud, Research Engineers, 
Graphic Arts Research Foundation, Inc., Cambridge, Massachusetts; 
and Jacques Y. P. Séjournet, Directeur General, Comtoir Industriel 
d’Etirage & Profilage de Métaux, Paris, France.) 


Mr. Rotpa: “The Chair recognizes Mr. Ralph H. McClarren.”’ 
Mr. McCrarren: ‘‘Mr. President, I present René A. Higonnet and 
Louis M. Moyroud for awards. 


René A. HIGONNET Louis M. Moyroup 


“These gentlemen have developed a new and radically different 
type of composing machine which marks the beginning of what might 
well be a new era in the printing and publishing industry. Their 
machine is called the ‘Photon.’ It does away with metal type and 
employs a master negative containing the equivalent of several thousand 
pounds of type characters on a small 8-inch diameter disc only }-inch 
thick. 

“Their photographic type-composing machine contains the newest 
in electro-mechanical devices, computing circuits, and communication 
techniques to make a photographic negative from which, either by 
photo offset or engraving, a plate is made and a newspaper or a book 
printed. The machine remembers what the operator has typed, a line 
at a time, on a special electric typewriter keyboard. It also notes the 
size and kind of type selected. Then, automatically, it justifies the 
length of line and exposes the characters to the film while the operator, 
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in fact much more quickly than the operator, can type out the next 
line of copy. 

“The Photon machine is a little larger than an office desk and 
offers the large printing house or the small city newspaper and printer 
a means of composition with flexibility and choice of characters hitherto 
available only to the special printing firm. It saves time and expense 
in doing most any kind of composition work. 

“IT present René A. Higonnet and Louis M. Moyroud, both of 
Cambridge, Massachusetts, as candidates for John Price Wetherill 
Medals, ‘For their conception and development of the Photon Type- 
Composing Machine.’ ”’ 

Mr. Rovpu: “Thank you, Mr. McClarren. Mr. Higonnet, by the 
same authority, I present to you this John Price Wetherill Medal and 
the Certificate and Report which accompany it.” 

Mr. HIGONNET: “Thank you.” 

Mr. Rovpn: “And to you, Mr. Moyroud, by the same authority, 
I present this John Price Wetherill Medal and the Certificate and 
Report which accompany it.” 

Mr. Moyroup: ‘“‘Thank you.” 

Mr. Ropu: “The Chair recognizes Dr. Nevin E. Funk.” 

Dr. Funk: “Mr. President, I present Jacques Yves Pierre Séjournet 
for an award. 


Jacques Y. P. StyourRNET 


“The extrusion of metals is not new, both the hot and cold processes 
having been used for many years in the working of non-ferrous metals 
with marked success, but its application to the ferrous group was 
another matter. 

“For technical reasons, only the hot process was attempted with 
ferrous metals and that not too successfully since the dies had very 
short lives. Sometimes a single pass would ruin a die and under other 
conditions even this single pass would not produce a commercial article. 
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“Lubrication was the problem. Graphite-grease mixtures in com- 
mon use for heavy forging operations were first used. Many years 
passed before it was discovered that adding rock salt to the lubricant 
gave improved results. The problem was intensified with the advent 
of alloy steels requiring greater force to deform them. 

“This was the situation in 1938 when Jacques Séjournet began 
research to discover a practical means of overcoming the difficulties of 
extruding steels. Experiments with various materials as lubricants 
were of little success in themselves but did prove, by the process of 
elimination, that a carbon free material of high melting point was 
required and finally led to the discovery that glass was a most useful 
lubricant, serving also as an insulator to protect the tools from the 
heat of the ingot, and was the basis of a practical economical method 
of extruding steel. 

“TI present Jacques Yves Pierre Séjournet, of Persan, France, as a 
candidate for a John Price Wetherill Medal, ‘In consideration of his 
invention of the Ugine-Séjournet Extrusion Process for metals— 
stressing the ingenious utilization of glass as a lubricant and the effective 
method of its use.’ ”’ 

Mr. Rovpu: ‘Thank you, Dr. Funk. Mr. Séjournet, by the same 
authority, I present to you this John Price Wetherill Medal and the 
Certificate and Report which accompany it.”’ 

Mr. S#yJouRNET: ‘“‘Thank you.” 


CuHarLes S, LEOPOLD 


PRESENTATION OF THE FRANK P. BROWN MEDAL 
(Founded in 1938) 


This Medal is awarded to inventors for discoveries and 
inventions involving meritorious improvements in the building 
and allied industries. 


(To Charles S. Leopold, Consulting Engineer, 
Philadelphia, Pennsylvania.) 
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Mr. Ropu: “The Chair recognizes Mr. Joseph Gray Jackson.” 

Mr. Jackson: “Mr. President, I present Charles S. Leopold for an 
award. 

“Mr. Leopold’s incisive engineering approach has pervaded every 
aspect of the air conditioning field. He has applied air conditioning 
to great buildings, such as the Pentagon Building, the Fidelity- 
Philadelphia Trust Building, and the Philadelphia Convention Hall. 
He has been a great missionary in the development of panel cooling, 
preferring to remove the heat developed as near as possible to its 
source thereby avoiding the necessity of circulating great excess of 
cooling air. Mr. Leopold has made important contributions in the 
study of smoke elimination. 

"I present Charles S. Leopold, of Philadelphia, Pennsylvania, as a 
candidate for the Frank P. Brown Medal, ‘In consideration of his 
outstanding contribution to air conditioning, particularly in the re- 
search and development of air conditioning techniques and the appli- 
cation of air conditioning to a wide variety of important structures.’ ”’ 

Mr. Rovpa: “Thank you, Mr. Jackson. Mr. Leopold, by the same 
authority, I present to you this Frank P. Brown Medal and the Certi- 
ficate and Report which accompany it.”’ 

Mr. Leopo.p: ““Thank you.”’ 


PRESENTATION OF THE STUART BALLANTINE MEDAL 
(Founded in 1946) 


This Medal is to be awarded in recognition of outstanding 
achievement in the fields of Communication and Reconnais- 
sance which employ electromagnetic radiation. 


(To Claude Elwood Shannon, Research Mathematician, 
Bell Telephone Laboratories, Inc., Murray Hill, New Jersey.) 


Mr. Rovpu: “The Chair recognizes the final Sponsor of the evening, 
Mr. Lewis P. Tabor.” 

Mr. Tasor: “Mr. President, I present Claude Elwood Shannon for 
an award. 

‘“‘As the radio spectrum has become more and more crowded, and 
as new and more complex modulation systems have been developed 
for the purpose of transmitting data with greater reliability in the 
presence of noise, the need for a comprehensive mathematical method 
for the precise evaluation of proposed systems has become more and 
more acute. Unfortunately, for many years, the mathematical 
language used for describing the signal was not compatible with the 
mathematical language used to describe noise. Dr. Shannon has 
developed a mathematical procedure using the methods of statistics 
and probability to describe the signal, as well as the noise, in a common 
language. 


Bec., 1955.] MepaL Day PrRocEEDINGS 523 


“The effect of this development on the analysis of communications 
and data processing systems has been most impressive, as indicated by 
the very large numbers of important technical papers now being produced 
in which Dr. Shannon’s methods are applied. New and interesting 
applications for Dr. Shannon’s techniques are being found constantly, 
so that it seems probable that the effect of Dr. Shannon’s work will be 
far-reaching indeed. 

“T present Claude Elwood Shannon, of Chatham, New Jersey, as a 
candidate for the Stuart Ballantine Medal, ‘In consideration of his 
recognition of communication as essentially a statistical process, his 
identification of the elements of communication systems with the 
appropriate statistical functions, and his welding of the powerful 
methods of mathematical statistics into a comprehensive theory of 


CLAUDE ELwoop SHANNON 


communication which permits precise and rapid evaluation of proposed 
new communication systems, and points the way for significant new 
developments.’ ”’ 

Mr. Rovpu: “Thank you, Mr. Tabor. Dr. Shannon, on behalf of 
The Franklin Institute of the State of Pennsylvania, I present to you 
this Stuart Ballantine Medal and the Certificate and Report which 
accompany it.” 

Dr. SHANNON: ‘Thank you.” 

Mr. Ropu: “Ladies and Gentlemen, I wish it were possible for 
you to attend a meeting or two of the Committee on Science and the 
Arts, and particularly those of you who receive awards, for you would 
appreciate the fact that the Committee is made up of men of com- 
petence, dignity and integrity, and the members have a background of 
more than one hundred and twenty years to guide them in their 
deliberations. 
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“The work of these honored gentlemen may seem to be more or 
less removed from our daily lives. The electronic marvels of our age 
may seem too complex to contemplate. But our scientists are not 
recluses in their laboratories. Have you noticed the title of the address 
of the evening? It gives me great pleasure to present to you our 
Ballantine Medalist of this year who will speak to us of ‘Game Playing 
Machines.’ Dr. Claude Shannon.”’ 


ADDRESS BY CLAUDE ELWoopD SHANNON 


(See page 447 of this JOURNAL for the text of 
Dr. Shannon’s address.) 


* * * 
After Dr. Shannon had delivered his talk, Mr. Rolph conveyed to 
him the thanks of the Institute, dismissed the assembly with a cordial 
word and declared the meeting adjourned. 


NUCLEAR ENERGY NEWS 


CONTROLLED FUSION REACTION 


At the opening of the Geneva ‘‘Atoms-for-Peace’’ conference in 
August Dr. Homi Bhabha, the conference president, made a prediction 
that the release of nuclear energy by controlled fusion of the nuclei of 
hydrogen or other light atoms would be accomplished in twenty years. 
At a news conference the next week Mr. Lewis L. Strauss made a 
cautious admission that the United States Atomic Energy Commission 
had been working on the problem. He promised to amplify that 
statement after his return to the United States. 

The more extensive statement was made early in October. Mr. 
Strauss announced that the Commission is carrying on its major 
research effort in controlled thermonuclear reactions at Princeton 
University and at AEC laboratories operated by the University of 
California at Los Alamos, New Mexico, and at Livermore, California. 
In addition there are projects at Oak Ridge, Tennessee, and New York 
University. The over-all research program is known as PROJECT 
SHERWOOD. 

Mr. Strauss said in part: 


It cannot be stressed too strongly that, based on what we now know, we are far 
from a solution of the problems of the controlled fusion reaction. Our work is in the 
research stage and many years of intensive effort may be required before the first 
prototype of an operating thermonuclear machine may be developed. We have 
every intention of attacking as vigorously as possible the remaining problems. 


His statement pointed out that this process of energy release is 
believed to be similar to that which constitutes the source of the sun’s 
energy. The controlled release of energy by the fusion reaction may 
offer significant potentialities for peacetime application, and the pres- 
ent research program within the AEC was instituted in the hope of 
developing these potentialities. 

A corresponding announcement issued the same day by President 
Harold W. Dodds of Princeton University revealed that a classified 
project, known as PROJECT MATTERHORN, is being conducted 
at the James Forrestal Research Center of the University. The work 
at Princeton is directed by Dr. Lyman Spitzer, Jr., professor of astron- 
omy. The theoretical aspects of this program were started in 1951, 
when Professor Spitzer approached the AEC with an idea for containing 
and controlling thermonuclear combustion at temperatures comparable 
to that of the sun itself. 
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Professor Spitzer issued the following statement through the Atomic 
Energy Commission : 


By far the greatest reserve of stored energy on earth is locked up in the nuclei 
of the hydrogen atoms present in the oceans. Deep inside the sun and the stars 
hydrogen nuclei combine to form helium nuclei, releasing vast energies. This com- 
bination, or fusion, of light nuclei is called “thermonuclear burning.’’ The titanic 
energies released by thermonuclear burning have been unleashed in the hydrogen 


bomb. 
Thermonuclear burning occurs most readily with deuterium, a heavy isotope of 


hydrogen. Although only one deuterium nucleus is present in water for every 6400 
nuclei of ordinary hydrogen, the total amount of deuterium available in the oceans 
is enormous. If the energy stored in these nuclei could be released in a controlled 
manner and used for generation of electrical power, a virtually inexhaustible supply 
of power would be available to mankind. Conservatively estimated, the deuterium 
in the ocean’s waters is sufficient to provide many times the present rate of world 
energy consumption for more than a billion years. 

Thermonuclear burning occurs only at enormous temperatures, above a hundred 
million degrees Fahrenheit. Such temperatures have hitherto existed only at the 
centers of very hot stars or during the explosion of an atomic bomb. To convert the 
inexhaustible supply of energy in the earth’s deuterium into useful power, we must 
achieve such temperatures in a gas confined within walls that remain relatively cool. 
We must control the thermonuclear reaction when it occurs. We must extract the 
energy released and use it to generate electricity. The scientific and technical 
difficulties to be surmounted are obviously formidable. 


At Los Alamos Scientific Laboratory the first definitive experimental 
program got underway in January 1952, following earlier theoretical 
and experimental work going back to 1946, according to a statement 
issued by Dr. Norris E. Bradbury, Director of the Laboratory. He 
stressed the long-term nature of the project. Also he pointed out that 
although the release of thermonuclear energy might be associated in 
the public mind with the hazard of a tremendous explosion such as 
occurs in a hydrogen bomb, no such hazards seem to be present. The 
main problem seems likely to be that of getting enough thermonuclear 
energy back from the material, heated to more than one hundred 
million degrees, to repay the energy used to achieve and maintain 
this high temperature. 

New York University’s part in the project is carried on at the 
Institute of Mathematical Sciences, according to an announcement 
made by Chancellor Henry T. Heald. It is concerned with an attempt 
to understand the laws which govern the behavior of matter under the 
extreme conditions that exist during the fusion reaction. It has been 
found necessary to re-examine fundamental laws and to formulate new 
theories and develop new mathematical methods in order to obtain an 
insight into the mechanism of maintaining a stable configuration of 
heated material for a sufficiently long period of time. 

The investigations at the Institute are primarily of a theoretical 
character and combine previously established theories in the fields of 
fluid mechanics and statistical mechanics. They are frequently aided 
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by extensive computations on a large scale high-speed digital computer 
which has been installed at the Institute by the AEC for its general 


program. 
INCREASED FLUX OF MTR 


The operating power level of the Materials Testing Reactor (MTR) 
at the National Reactor Testing Station in Idaho was increased one- 
third, the Atomic Energy Commission announced. This reactor was 
first placed in operation March 31, 1952. 

Following periodic shutdown for refueling and changing experiments, 
the reactor was brought up to its usual operating level, 30,000 kilowatts 
of heat, in routine fashion. Then technicians of the operating contrac- 
tor, Phillips Petroleum Company, Atomic Energy Division, gradually 
increased the power level, first to 35,000 kilowatts on September 23, 
then to 40,000 on September 26. 

Observation of the reactor during and after the gradual increase 

verified preliminary calculations that such operation could be accom- 
plished without presenting an increased safety hazard. No change in 
reactor design was required, the existing cooling system having been 
demonstrated to be capable of removing the additional heat generated. 
It would require 4000 tons of coal a month to produce the amount of 
heat generated by the MTR at the 40,000-kilowatt level. The amount 
of uranium-235 consumed by the reactor in maintaining this level is 
less than four pounds per month. The heat is dissipated by a cooling 
tower. 
The advance in power level provides a corresponding increase in 
neutron flux, which already had been the world’s most intense reactor 
neutron field. Preliminary calculations indicate that the reactor’s 
usable thermal neutron flux has been raised from 3.5 X 10% to4.5 & 10" 
neutrons per square centimeter per second. 

The increase will enable the reactor to handle a greater experimental 
load by making more high flux space available and, in some cases, 
shortening the irradiation time. The reactor has been operating at 
capacity, particularly with respect to the experimental holes providing 
the highest flux. 

The reactor is used both by AEC laboratories and private experi- 
menters, with greatest emphasis being placed on experiments furthering 
the reactor development program, although its high flux enables it to 
produce radioactive isotopes of greater intensity than is possible 


elsewhere. 
ENGINEERING TEST REACTOR 
The Atomic Energy Commission announced on October 6 the 


signing of a letter contract with the Henry J. Kaiser Company, Kaiser 
Engineers Division, Oakland, California, for construction of the En- 
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gineering Test Reactor (ETR). It is to be located adjacent to the 
Materials Testing Reactor (MTR) at the National Reactor Testing 
Station in Idaho. Completion is scheduled for the spring of 1957. 

The Kaiser Company was selected by the Idaho Operations Office 
of the AEC after consideration of proposals from 34 companies. The 
contract is for cost plus a fixed fee, with an estimated total cost of 
15 million. 

Conceptual design of the ETR had been made previously by the 
Atomic Energy Division of the Phillips Petroleum Company, which 
operates the MTR. Architect-engineering is to be done by the Kaiser 
Company, with nuclear design of the reactor and facilities within the 
tank being performed by the Atomic Power Equipment Department 
of the General Electric Company under sub-contract to Kaiser. 

The reactor will operate at a power level of 175 megawatts of heat, 
which is more than four times the increased power level of the MTR 
(see preceding item). It will be light water moderated and cooled. 
The fuel will be enriched uranium fabricated in flat-plate assemblies 
similar to those used in the MTR. 

The Engineering Test Reactor is being built to fill an urgent need 
for large experimental spaces in high neutron fields in which to perform 
tests furthering the nation’s military and civilian nuclear power 
development programs. The reactor will have within the core a 
number of experimental holes capable of accepting reactor fuel ele- 
ments and other components. 

The holes will range up to nine inches square, and will extend 
completely through the core and reflector. Nearly all will be provided 
with tubes permitting connections to facilities such as pumps, heat 
exchangers, sampling equipment and clean-up systems outside the 
reactor tank. These will form loops in which tests may be conducted 
at temperatures, pressures, and other operating conditions similar to 
those which the materials being tested would meet in the reactor 
applications for which they are designed. 


SMALL-SCALE NUCLEAR POWER PLANTS 


The Atomic Energy Commission has invited proposals for the 
development, design, construction, and operation of small-scale nuclear 
power reactors to demonstrate the practical value of such units for 
commercial use. The electrical output is to be in one of the following 
ranges: 5 to 10, 10 to 20, and 20 to 40 megawatts. The closing date 
for receipt of proposals is February 1, 1956. 

The invitation is the second one issued under the Power Demon- 
stration Reactor Program that the AEC established in January 1955. 
(See this JOURNAL, Vol. 259, p. 531.) The aim of the program is to 
bring new resources into the development of engineering information 
on the performance of nuclear power reactors and to advance the time 
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when nuclear power becomes economically feasible. The first invita- 
tion for proposals, which was for larger plants, resulted in the sub- 
mission of four proposals for power reactors, the combined electrical 
capacity of which would be 455 megawatts. 

The AEC expects that development of small competitive nuclear 
power plants not only will benefit domestic users in certain areas, but 
also will help meet the requirements of foreign countries as well. The 
present invitation is extended to individual organizations and to groups 
of organizations representing private or publicly-owned utilities, 
equipment manufacturers, and others. The Commission will evaluate 
the proposals on a competitive basis. It may accept one or several or 
it may find that none is acceptable. 


TO MEMBERS AND THOSE WHO KNOW 
THE FRANKLIN INSTITUTE 


All of us associated with The Franklin Institute are gratified by the support 
given by its benefactors in the past. Without their generosity our privately en- 
dowed Institute would have been unable to serve industry, the professions, and 
the public as it has and should. 

There is still a continuing and pressing need of contributions and bequests 
—both for general and specific endowment, and of income to be judiciously used. 
Your response will be most earnestly appreciated. 

Checks should be made payable to The Franklin Institute, and sent to The 
Franklin Institute, Benjamin Franklin Parkway at 20th Street, Philadelphia 3, 
Pennsylvania. 

Where property is transferred, title should be in the name of The Franklin 
Institute of the State of Pennsylvania for the Promotion of the Mechanic Arts. 


We shall be glad to supply any additional information regarding gifts and 
memorials. Please write to the above address, attention of the Endowment 


Department. 


NOTES FROM THE NATIONAL BUREAU OF STANDARDS 


CERAMICS FOR PIEZOELECTRIC TRANSDUCERS 


The National Bureau of Standards has developed several lead-oxide 
based piezoelectric ceramics that have excellent electromechanical 
properties and are stable over a wide temperature range. Some of 
these compositions, particularly in the lead titanate—lead zirconate 
system and the lead titanate—lead zirconate—lead oxide: tin oxide sys- 
tem, are expected to find considerable application as transducers for 
sensing elements in accelerometers, sound detectors, sonar, velocimeters, 
strain and pressure gages, and as drivers in ultrasonic devices. 
These materials can be expected to replace barium titanate in many 
commercial applications and to extend the use of ceramic transducers. 
The compositions were developed by B. Jaffe, R. S. Roth, and S. 
Marzullo of the Bureau’s mineral products laboratories under the 
sponsorship of the Army’s Office of Ordnance Research. 

Piezoelectric ceramics are widely used as transducers for energy 
conversion between electrical signals and mechanical motion. Barium 
titanate has been used for many transducer applications, but these 
applications have been seriously limited because of its narrow tempera- 
ture range—from 20° to 100° C. To overcome this limitation, and to 
improve the properties of ceramic transducers, the Bureau developed 
lead-oxide based ceramics of particular compositional ranges having 
a response that is uniform over a much wider temperature interval. 

The lead-oxide based compositions have better electromechanical 
properties than the previously developed barium titanate ceramics 
because the proportions of their ingredients place them close to the 
boundary where morphotropic transformation—an abrupt change in 
the solid-solution phase—takes place. The Bureau has discovered 
that when the solid-solution phases of certain lead-oxide compositions 
are ferroelectric on both sides of the morphotropic boundary, the 
material yields ceramic transducers that have more desirable properties 
over a wider range of temperature than other compositions of similar 
crystalline structure. 

Indications are that piezoelectric ceramics can be made only from 
ferroelectric crystalline materials. Barium titanate is an example of 
such a material. Its properties are enhanced at temperatures near 
those of polymorphic transformations below the Curie temperature. 
This effect is observed near 0° C., where the crystal form changes from 
one ferroelectric modification of the perovskite structure to another. 
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Compositional boundaries (morphotropic transformations) have been 
observed between ferroelectric phases of slightly differing structure. 
One example of morphotropism between ferroelectric phases in solid 
solution is found in the lead zirconate—lead titanate system. Experi- 
ments at NBS on this system! show that the room-temperature dielec- 
tric constant and the induced piezoelectric effects are enhanced as the 
composition approaches the phase boundary. For best piezoelectric 
and dielectric properties, the results indicate that compositional prox- 
imity to a morphotropic transformation appears to be more desirable 
than temperature proximity to a polymorphic transformation. As a 
consequence of these indications, experiments were continued on such 
solid-solution systems where morphotropic transformations can be 
found. 

In the experiments on the new compositions, X-ray diffraction 
analyses were performed on matured ceramic specimens to determine 
the symmetry of the phases present in the solid solutions. The dif- 
fraction analyses were followed by measurement of the dielectric and 
piezoelectric properties. Among the compositions investigated were 
the lead titanate—lead zirconate, lead titanate—lead oxide: tin oxide, 
lead zirconate—lead oxide : tin oxide, and the lead titanate—lead hafnate 
binary systems; and the ternary systems, lead titanate—lead zirconate— 
lead oxide: tin oxide.? Although the mixture lead-oxide: tin oxide is 
not a compound, single-phase solid solutions can be formed with this 
material in combination with lead titanate or lead zirconate. Many 
variations in the proportions of the ingredients in these systems were 
examined. Morphotropic boundaries were found in a number of the 
systems. The dielectric and piezoelectric properties of all the com- 
positions close to the morphotropic boundary were greatly enhanced. 

One of the most useful compositions found in tnis investigation is 
that containing 45 per cent lead titanate: 55 per cent lead zirconate. 
Its Curie point is approximately 340° C., compared with a Curie 
temperature of 120° C. for barium titanate. The far higher Curie 
point of this new mixtufe greatly extends the useful temperature 
range of ceramic transducers. The lead titanate—lead zirconate has 
a radial coupling coefficient of greater than 0.3 at 275° C., and a 
piezoelectric voltage output coefficient (g3:) of 11.7 X 10-* volt-meter 
per newton. The voltage coefficient is more than twice that of com- 
mercial barium titanate, while the piezoelectric charge output coef- 
ficients (d3,) of both materials are comparable. Because of the high 
voltage coefficient, this lead titanate—lead zirconate ceramic is particu- 


1 “Piezoelectric Properties of Lead Zirconate-Lead Titanate Solid-Solution Ceramics,” 
by B. Jaffe, R. S. Roth, and S. Marzullo, Jr. Applied Physics, 25, 6, 809-810(1954). 

2 ‘Properties of Piezoelectric Ceramics in the Solid-Solution Series Lead Titanate-Lead 
Zirconate-Lead Oxide: Tin Oxide and Lead Titanate-Lead Hafnate,” by B. Jaffe, R. S. Roth 
and S. Marzullo, J. of Research NBS. 
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larly adaptable as a sensing element to convert mechanical motion 
or force to an electrical signal. 

The addition of lead oxide: tin oxide to the lead titanate—lead 
zirconate provides another useful composition in the form 47} per 
cent lead titanate : 22? per cent lead zirconate: 30 per cent lead oxide: 
tin oxide. This composition has the highest piezoelectric charge out- 
put coefficient (d3:) of all the compositions examined—74 xX 10-” 
coulomb per newton. The high charge coefficient makes this material 
useful as a driver or generator of mechanical motion. 


THE FRANKLIN INSTITUTE 


MINUTES OF STATED MEETING 


Wednesday, November 16, 1955 


The Stated Monthly Meeting of The Franklin Institute was held on Wednesday, Novem- 
ber 16, 1955, in the Lecture Hall. The meeting was called to order at 8:15 P.m. by the 
President, S. Wyman Rolph. There were approximately 200 members and guests present. 


The President announced that the Minutes of the October Stated Meeting would be 
printed in the November JOURNAL and would be submitted for approval at the next Stated 
Meeting. 


The Secretary reported that elections in membership recorded since September 30th 
resulted in a net gain in the following classes of membership: Active 6, Associate 16, Student 9, 
and individuals with Library privileges under Company memberships 1. Total membership 
as of October 31, 1955, was 7,031. He stated that now that a goal of 7000 members has 
been reached, a new goal of 10,000 has been set up. 


The President then recognized Morton Gibbons-Neff, Chairman of the Membership 
Committee, who presented, in absentia, Mr. George R. Hall, of Madison, New Jersey, for 
recognition of his fifty years of continuous membership in The Franklin Institute. Mr. Hall, 
a graduate of the Hill School and of Yale University, was unable to be present because of 
doctor’s orders. On behalf of Mr. Hall, the Secretary accepted a gold key and membership 
card from the President. 


The President stated that this was the first of a series of annual endowed lectures named 
in honor of the late Philip C. Staples, former president of The Franklin Institute. The sum 
of $10,000 for this endowment was given to the Institute by a group of 89 friends of Mr. Staples 
and four companies. At the same time Mr. Staples was president of The Franklin Institute, 
he was president of the Bell Telephone Company of Pennsylvania. In choosing the speaker 
to deliver the first Staples Lecture, it seemed appropriate to try to get one who could talk on 
a subject very dear to the heart of Mr. Staples, namely, the continuing progress in the art 
of telephony being made by the Bell System. We were fortunate in that our invitation was 
accepted by a man pre-eminently qualified to speak on this subject—Dr. Mervin J. Kelly, 
President of Bell Telephone Laboratories. 


Dr. Kelly’s interesting and illustrated talk ‘‘Contributions of Research to Telephony— 
A Look at the Past and a Glance into the Future” was well received by the audience. It 
will be printed in the February issue of the JOURNAL. 


The meeting adjourned at 9:20 p.M. with a rising vote of thanks to Dr. Kelly. 


HEnry B. ALLEN, 
Secretary 
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JOURNAL OF THE FRANKLIN INSTITUTE 


The January JouRNAL will be devoted solely to 19 papers, written in honor of the 250th 
Anniversary of the birth of Benjamin Franklin. The authors are representatives of societies 
and organizations which Franklin either founded or of which he was a member. The titles 
of these papers, their authors and the societies represented are given below. 


PANORAMA OF PROGRESS 


INTRODUCTORY 
A Program Poor Richard Would Have Loved...................2seeeeeceece C. L. Jordan 
250th Anniversary Committee 
DB; Pepunnn end the Scientific SOCIRR. 6 oe cc cece west cece scans William E. Lingelbach 


American Philosophical Society 
SCIENCE (MAN AND MATTER) 


Chom Tenors in Gelonce i505. sea civ ewnes csitienicmeislsl. « a siswuedls es Lord Adrian, O. M. 
The Royal Society 
i Ltt 155. Sepa Maer eU eae KET AER ES 6s be co 50 L. Jansen and A. Michels 
Bataafsch Genootschap der Proefondervindelijke Wijsbegeerte 
ee IE OE POE TOO PROOII 5 v5 oo on co sive ene boos suweeesccen Louis Leprince-Ringuet 
Académie des Sciences 
Benjamin Franklin and One Plutonic Year...............0..cceceeeeseees Harlow Shapley 
American Academy of Arts and Sciences 
Pioneers in Electrical Communications.................... Eligio Perucca and Vittorio Gori 


Accademia delle Scienze di Torino 


SOCIOLOGY (MAN AND SOCIETY) 


eee NE MOORIND TROIS 5 baits is 9s PA « ertidivio gins vie «sewn cans Sir Zachary Cope 
The Medical Society of London 

Franklin's Hospital, Our Hospital and the Hospital of the Future.......... Sydney P. Clark 

Pennsylvania Hospital 

Franklin and the Unconquered Fields of Medicine.....................2000- Pierre Lépine 
i Académie nationale de Medécine 

Benjamin Franklin, the Freemason. ...............0ccseecceeccescaes William J. Paterson 

Free and Accepted Masons 
Puen © Sarees We sremeectene. 6 28ST SOLA ee Gaylord P. Harnwell 


University of Pennsylvania 
ECONOMICS (MAN AND HIS WORK) 


Pe SG PN is 5 i's esd ohne soriewaels cake bs dmende sae ayn s D. P. Cuthbertson 
The Royal Society of Edinburgh 
Franklin, the Businessman, First Great Apostle of Free and Competitive Economy on the 
INNES. ois «as abn aieek nwa hod + ss os a6 eines meine Marion L. Musante 
The Philadelphia Contributionship for the Insurance of Houses from Loss by Fire 
I ite Fo PEE CELE LEP ERLE LIE ok PEELE Firman E. Bear 
Philadelphia Society for Promoting Agriculture 


INTERNATIONAL RELATIONS (MAN AND HIS IDEALS) 


Some Aspects of Franklin’s Life in England.................0.2e000. E. N. da C. Andrade 
Royal Society of Arts 
Be IT OE COND WON 5 ih ok 6 ods cae edsc8s 5000 sn0se ie needsen B. Hubert Cooper 
The Society of the Sons of St. George of Philadelphia 
i PS err eee Pete eUre ert rey TPT EE John LaCerda 
Poor Richard Club of Philadelphia 
Our Political Crisia—and Faith... .....00.cccsccecccess The Rev. Ernest A. de Bordenave 


Christ Church 
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COMMITTEE ON SCIENCE AND THE ARTS 


(Abstract of Proceedings of Stated Meeting held Wednesday, November 9, 1955.) 


HALL OF THE COMMITTEE, 
PHILADELPHIA, NOVEMBER 9, 1955. 


Mr. Ravtpo H. McCLarRREN in the Chair. 


The following report was presented for final action: 
No. 3294: The Franklin Medal. 


This report recommended the award of The Franklin Medal to Arne Tiselius, of Uppsala, 
Sweden, “In recognition of his brilliant investigations in biochemistry, particularly, his con- 
tributions to the knowledge of the proteins, and of his development of revolutionary new 
techniques and a powerful tool for use in the field of protein chemistry.”’ 

JOHN FRAZER, 
Secretary to Committee 


MEMBERSHIP 


ACTIVE MEMBERS ELECTED BY THE BOARD OF MANAGERS 
November 16, 1955 


ACTIVE FAMILY 


O. A. Battista Edward Goldberg Joel Pitcairn 
John F. Brennan John G. Hand F. Johnson Putney 
Elizabeth N. Brock Witold L. Kreswick John W. Raker 
George Gadren William J. Luria Saul H. Salop 

Meyer Perchonock 

ACTIVE 

R. F. Barthelemy Charles A. Lewis Mrs. Norman F. S. Russell 
Walter C. Bloomquist John F. Lowrey Fred Sanders 
John S. Burlew Daniel A. McKim Arthur Schwerdle 
Wallace E. Chapla Charles K. Morgan Arthur Shoyer 
Edward B. Cooper Carl Ockman Lloyd D. Simonson 
Anthony J. Dennison, Jr. Charles E. Partridge Sidney Sirkin 
James R. Fitzpatrick, Jr. J. W. Waters John H. Waite, Jr. 
Anne C. Green Catherine Walsh 


ACTIVE NON-RESIDENT FAMILY 
John A. McIntire 


ACTIVE NON-RESIDENT 


John O. Blake John J. Grebe Jules Seltzer 
NECROLOGY 
Charles T. Bach ’44 Frederick Rosengarten '11 Henry Clapp Sherman '46 


Margaretta S. Hinchman ’34 John J. Schweikert ’55 Haakon Styri ’21 
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LIBRARY 


The Committee on Library desires to add to the collections any technical works that 
members may wish to contribute. Contributions will be gratefully acknowledged and placed 
in the Library. Duplicates received will be transferred to other libraries as gifts of the donor. 
402 items have been added the past month. 

Photostat service. Photostat prints of any material in the collections can be supplied 
on request. 

The Library and reading room are open from 9 A.M. until 5 P.M. on Mondays, Tuesdays, 
Thursdays, Fridays, and Saturdays; and 2 p.m. until 10 P.M. on Wednesdays. 


RECENT ADDITIONS 
AERONAUTICS 


DuKE, NEVILLE AND LANCHBERY, Epwarp. ‘Sound Barrier’; the Story of High-Speed 
Flight. 1955. 
ARCHITECTURE AND BUILDING 


SLEEPER, HAROLD R. Building, Planning and Design Standards. 1955. 
ASTRONOMY 


BLaavw, A., ED. Co-ordination of Galactic Research. 1955. 
Moore, Patrick. The Story of Man and the Stars. c1954. 
WALLENQuIST, AKE. Den Moderna Astronomin och dess Varldsbild. 1951. 


BIOLOGICAL CHEMISTRY 


ABDERHALDEN, RupDOLF. Vitamine, Hormone, Fermente. Ed. 4. 1953. 


CHEMISTRY AND CHEMICAL TECHNOLOGY 


BADGER, WALTER L. AND BANCHERO, JULIUS T. Introduction to Chemical Engineering. 
1955. 

ErBNER, A. Das Oeltrocken, ein Kolloider Vorgang aus Chemischen Ursachen. n. d. 

Ferris, S. W. Handbook of Hydrocarbons. 1955. 

FRANK-KAMENETSELL, D. A. Diffusion and Heat Exchange in Chemical Kinetics. 1955. 

FRIEDLANDER, GERHART AND KENNEDY, JOSEPH W. Nuclear and Radiochemistry. 1955. 

GaRNER, W. E. Chemistry of the Solid State. 1955. 

HARVEY, HILDEBRANDE WOLFE. The Chemistry and Fertility of Sea Waters. 1955. 

Hatt, H. H.; PEARcEy, T. AND SzumMER, A. Z. Anti-Composition Tables for Carbon Com- 
pounds (CH2, CHO, CHS, and CHOS). 1955. 

McGookxin, A. Qualitative Organic Analysis. 1955. 

MOoLLoy, Epwarp. Catalysts. 1955. 

MoLtoy, Epwarp, ED. Chemical Engineering Processes and Equipment. 1955. 

MOLLoy, EpwarpD, ED. Fluid Handling. 1955. 

SMyTH, CHARLES PHELPs. Dielectric Behavior and Structure. 1955. 

Sutton, Francis. A Systematic Handbook of Volumetic Analysis. 1955. 


ELECTRICITY AND ELECTRICAL ENGINEERING 


BARDELL, P. R. Magnetic Materials in the Electrical Industry. 1955. 

ERIKSEN, ERIK CHRISTIAN AND HANSEN, PAUL FLEMMING. Elektriske Ledningsnet og 
Transformerstationer. 1953. 

KING, RONALD WYETH PERCIVAL. Transmission-Line Theory. 1955. 

MOoUwLLIN, Eric BaLitiot. Electromagnetic Principles of the Dynamo. 1955. 

PEEK, R. L., JR. AND WaGAR, H. N. Switching Relay Design. 1955. 

Scott, T. R. Transistors and other Crystal Valves. 1955. 


Se 


—_—- -— 
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ENGINEERING 


CouRBON, JEAN. Cours de Résistance des Matériaux. 1955. 
Hosson, Paut D. Industrial Lubrication Practice. 1955. 
MERCKEL, Curt. Die Ingenieurtechnik im Alterthum. 1899. 
MINER, DouGLas F. AND SEASTONE, JOHN B., ED. Handbook of Engineering Materials. 1955. 
REBBER, WILHELM. Die Festigkeitslehr und ihr Anwendung auf den Maschinenbau. Ed. 4. 
1900. 
GENERAL 


RicH, WILMER SHIELDS, ED. American Foundations and their Fields. Ed. 7. 1955. 


HYDRAULIC ENGINEERING 


LELIAVSKY, SERGE. Irrigation and Hydraulic Design. 1955. 


INDUSTRIAL MANAGEMENT 


ASPLEY, JOHN CAMERON AND WHITMORE, EUGENE, ED. The Handbook of Industrial Relations. 
c1943. 
MANUFACTURE 


IRON AND STEEL INSTITUTE. Symposium on the Welding of Iron and Steel. Vol. 1 and 2. 
1935. 

The Pulp and Paper Manual of Canada. Ed. 23. 1955. 

WEIN, SAMUEL. Metallic Coatings on Non-Metallic Materials. 1953. 

WELDING RESEARCH CouNcIL. Guide to Weldability of Steels. n. d. 


MATHEMATICS 


BOERNER, HERMAN. Darstellungen von Gruppen. 1955. 

CHAPMAN, WILLIAM ARTHUR JAMES. Senior Workshop Calculations. 1941. 

Forp, LEsTER R. Differential Equations. Ed. 2. 1955. 

HIRSCHMAN, ISIDORE ISSAC AND WIDDER, DAvip VERNON. The Convolution Transform. 
1955. 

McLacuian, N. W. Bessel Functions for Engineers. Ed. 2. 1955. 

NELSON, GILBERT D. AND GRIME, H. E. Making Mathematics Work. 1950. 

SCHLICHTING, HERMAN. Boundary Layer Theory. 1955. 

SEELIS, W. Lehrbuch der Mathematik. 1950. 

SMITH, GEOFFREY Mott. Mathematical Puzzles for Beginners and Enthusiasts. Ed. 2. 


1954. 
VinoGrapov, I. M. An Introduction to the Theory of Numbers. 1955. 


MECHANICAL ENGINEERING 


AMERICAN SOCIETY OF TOOL ENGINEERS. Die Design Handbook. 1955. 

BLACK, Paut H. Machine Design. Ed. 2. 1955. 

INTERNATIONAL BUSINESS MACHINES CORPORATION. DEPARTMENT OF EDUCATION. Precision 
Measurement in the Metal Working Industry. 1952. 

Moore, RICHARD F. AND VICTORY, FREDERICK C. Holes, Contours and Surfaces Located, 
Machined, Ground and Inspected by Precision Methods. 1955. 


METALLURGY 


AMERICAN IRON AND STEEL INSTITUTE. Chemistry Performance Survey of Open Hearth 
Alloy Steels. 1949. 

Congrés International de l’Aluminium. 2 Vol. 1954. 

JELINEK, J. J., ET AL. Plastic Flow in Metals; Study of the Forming Properties of Aluminum 
Alloy Sheet. 1945. 

Li, K. C. anD WanG, CHUNG Y. Tungsten. Ed. 3. 1955. 
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Rosrette, A. G. E. Electric Melting and Smelting Practice. 1955. 
Wuite, D. W. anp Burke, J. E., ED. The Metal Beryllium. 1955. 


OPTICS 
TwyMAN, FRANK. Optical Glassworking. 1955. 
PHYSICS 


Banpb, WiLi1AM. An [Introduction to Quantum Statistics. c1955. 

DAUVILLER, ANDREW. Les Rayons Cosmiques. 1954. 

Hatiiay, Davin. Introductory Nuclear Physics. Ed. 2. 1955. 

RipENowurR, Louts N., ED. Modern Physics for the Engineer. 1954. 

U. S. Aromic ENerGy Commission. Atomic Energy and the Physical Sciences. 1950. 


PLASTICS 
FLeck, H. Ronatp. Plastics; Scientific and Technological. 1943. 


SCIENCE 


CROWTHER, JAMES GERALD. Discoveries and Inventions of the 20th Century. Ed.4. 1955. 
ROSANOFF, MARTIN ANDRE. Collected Works. n. d. 


SCIENTIFIC INSTRUMENTS 


BiscuHer, Gustav. Messgeriate Selbstgebaut. 1954. 


NOTES FROM THE FRANKLIN INSTITUTE MUSEUM 


A. C. CARLTON, DIRECTOR 


CHRISTMAS AT THE PLANETARIUM 


The approach of the Christmas season always brings to mind the 
annual Planetarium demonstration which is designed to give fitting 
observance to an event symbolic of peace and goodwill. At a time 
when so many complaints are heard about the commercialization of 
the season, the Planetarium demonstration is a welcome revival of the 
feeling associated with the observance of an event that has both spiritual 
and historical significance. 

“Something old, something new”’ can be applied to these occasions. 
What is old relates to the central story of the appearance in the skies 
of what was to be called later the Star of Bethlehem. It is not proposed 
to deny the likelihood that this phenomenon was miraculous in origin, 
but it can be shown that nature’s immutable laws operated to produce 
an extraordinary spectacle as herald to the holy birth. Tracing the 
movement of the planets as they wheel on their appointed courses we 
find a singular grouping that must have been enough to strike simple 
people with awe. 

Today, the majority of us are unconscious of the position of the 
heavenly bodies because the view of the night-sky is obscured by the 
glare of street lighting. But we should recall there was a time when 
the skies were under constant surveillance. The hour of the day and 
the seasons of the year were read in the skies. To people who kept a 
close watch on the heavens, the appearance of any unusual exposition 
provoked wonder. The appearance of a comet, as we know, was 
regarded as the portent of some great occurrence, and combinations 
of the planets, such as those that had never occurred in the memory 
of living man, were regarded as symbolic of coming events of extra- 
ordinary importance. 

One of the great advantages of the Planetarium is its flexibility, 
which permits the instrument to travel through time and space to 
recapture the appearance of the skies in time past (or as they will be 
in time to come) and as seen from any part of the globe on which we 
live. This enables our demonstrators to arrange for a reproduction 
of the heavens as they were at a period before the Christian era had 
opened and as they were spread over the village of Bethlehem. By 
this means visitors to the Planetarium will be permitted to witness 
how the planets progressively drew together until they reached a 
conjunction such as no living man had ever seen, and which had 
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occurred only so far back in the past that, in the absence of adequate 
records, any similar appearance was probably unheard of. What 
was supposedly an unique sign in the night-sky would be a cause of 
immense wonder to the original beholders, and an earnest effort to 
associate it with one of the prophecies which people were waiting to 
find fulfilled. 

The strange phenomenon has another significance. By piecing 
together fragments of recorded knowledge, and by working backward 
with astronomical calculations, the exact date of this natural phenom- 
enon is found to have relation to the time of the Saviour’s birth. 
The ambitions of Roman emperors or the zeal of their admirers had 
brought about a disruption in the methods of time measurement. 
By clarifying the confusion that this created we learn that our enumer- 
ation of the years Anno Domzinz is erratic. 

However, this scientific interpretation does not occupy the Plane- 
tarium demonstration to the exclusion of the spiritual element. Year 
after year efforts have been made to enshroud the demonstration in 
an atmosphere of reverential joy that is characteristic of the reason 
why Christmas is faithfully observed throughout the Christian world. 
With each successive year the pageant has been improved from the 
experience gained in previous years, and the demonstration prepared 
for this year promises to be more popular than ever. 

Having mentioned calendar confusion we might add a footnote 
respecting simplification. Visitors are recommended to see the World 
Calendar exhibit on the Ground Floor of the Museum. This revised 
calendar has been devised to remove many apparent inconsistencies 
and inconveniences inherent in our current calendar. 


NOTES FROM THE FRANKLIN INSTITUTE LABORATORIES 
FOR RESEARCH AND DEVELOPMENT 


NICOL H. SMITH, DIRECTOR 


TESTING OF ELECTRICALLY INITIATED EXPLOSIVE DEVICES 
BY 
CHARLES T. DAVEY 


Engineers in the Engineering Physics Section of the Chemistry & 
Physics Division have designed a system for testing electric detonators. 
It is useful both in detonator research and as a production control test. 

An electric detonator is a device loaded with a small quantity of 
sensitive explosive, which can be exploded by an electrical stimulus. 
The test system designed in the Laboratories provides means for mea- 
suring the electrical resistance of the detonator, controlling the amount 
of energy applied and measuring functioning time, that is, the time 
from application of the electrical pulse to explosion of the detonator. 

The equipment is shown in the photograph. On the right is an 
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explosion chamber which affords the operators protection from noise, 
fumes, heat and blast as well as provides electrical and mechanical 
interlocks and other devices for safe, rapid handling and testing of 
various types of explosive devices. At left is the instrument rack; it 
contains an electronic counter-chronograph for measuring functioning 
time, a voltage attenuator and power supply to provide a precise amount 
of electrical energy (which is stored by a condenser prior to firing), a 
firing switch and circuit which operates quickly with very little loss of 
energy, and a Wheatstone bridge for measuring the electrical resistance 
of the detonator before it is tested. 

A detonator is mounted with its connecting wires under spring- 
loaded clamps in the firing chamber. Its lead wires are twisted together 
at the free end as a safety measure. When the door of the chamber is 
closed and secured, the shorted leads are cut off and safety interlocks 
are engaged. 

The Wheatstone bridge is then switched into the circuit and the 
resistance of the detonator is measured. The measuring current is 
limited to a low value to avoid changing the electrical characteristics 
of the detonator under test. 

Polystyrene-film capacitors with high leakage resistance are used 
as reservoirs for the electrical energy that fires the detonator. A 
capacitor of the value desired is plugged into the equipment in the 
special safety chamber. (Opening the door to remove the capacitor 
automatically discharges it.) The capacitor is then charged to a 
voltage selected on the decade attenuator. This is variable from 0.1 
volts to 1000 volts in 0.1 volt steps. A precisely known amount of 
energy is now stored on the firing capacitor. Upon closing the firing 
switch this energy is released to the detonator. Relays disconnect the 
charge source from the capacitor and connect the capacitor to the 
detonator in rapid sequence to avoid loss of energy by leakage from the 
charged condenser. 

The voltage pulse applied to the detonator is also applied to the 
“start’’ circuit of the counter-chronograph. Explosion of the detonator 
is accompanied by a brilliant flash of light which, via a photomultiplier 
tube, supplies a “‘stop’’ pulse to the chronograph. 

The explosion chamber is designed so that parts which receive 
severe damage are simple, inexpensive and readily replacable. It is 
lined with inch-thick sponge neoprene to suppress noise and trap flying 
fragments. Heat and fumes are quickly removed by an exhaust 
blower mounted above the chamber and special baffled air intake vents 
located at the bottom edges of the firing chamber. The electronic 
equipment is designed so that little training is required for safe, fool- 
proof operation. 

The detonator evaluation system described above was developed 
under sponsorship of Picatinny Arsenal, Ordnance Corps, U. S. Army. 


NOTES FROM THE BIOCHEMICAL RESEARCH FOUNDATION 


ELLICE McDONALD, M.D., FOUNDER WILLIAM G. BATT, D.Sc., DIRECTOR 


EFFECT OF X-IRRADIATION JN VITRO ON KREBS 2 ASCITES TUMOR CELLS 
BY 
A. J. VIVOD, J. O. ELY, AND WILLIAM G. BATT 


A study of the effect of X-irradiation in vitro on Krebs 2 ascites 
tumor cells was made. This was part of an investigation on the 
possibility of enhancing the effect of X-rays on tumors by X-ray- 
induced ultraviolet fluorescence of compounds previously accumulated 
in tumors. Irradiation in vitro was chosen in order to avoid the 
indirect effect on tumor growth caused by irradiation of the host 
animals. 

The ascitic fluid containing the Krebs ascites tumor cells was 
obtained from Swiss mice bearing 6-day-old tumors. The ascitic fluid 
was diluted with Tyrode solution (pH 7.2) so that 0.2 ml. contained 
14 X 10° tumor cells, the amount inoculated into each mouse. One 
portion of the dilute cell suspension was irradiated and the other non- 
irradiated portion was used for control purposes. The number of 
tumor cells was determined by counting in a haemocytometer. Only 
cells 12 microns or more in diameter were counted, since Patt and 
Blackford (1) found that there was a close correspondence between 
tumor cells estimated from stained preparations and large cells (greater 
than 12 microns) enumerated in a haemocytometer. X-irradiation 
of the suspended cells in small test tubes at the rate of 500 r per minute 
was made at room temperature with the Maximar 250 unit operated 
at 250 kvp. and 15 Ma. with inherent filtration equivalent to 3 mm. of 
aluminum. 

At intervals of approximately 24 hr. after inoculation the number 
of tumor cells in groups of five mice was determined. Twenty cc. of 
Tyrode solution slightly acidified with citric acid was used to wash the 
cells from the peritoneal cavity of each mouse. The washings were 
pooled and tumor cell counts made. 

Growth, that is, increase in the number of tumor cells, and alter- 
ation of the mitotic index were the criteria of the effect of the irradiation. 


RESULTS 


1. Effect of 2000 r. 


The growth curve of the 2000 r X-irradiated tumor cells (Fig. 1) 
shows an initial drop at the 24-hr. post irradiation period followed by 
a rise. The curve then closely parallels at a lower level that of the 
nonirradiated cells. There were approximately one-third as many 
tumor cells per mouse of the irradiated cells at 48 hr. as there were in 
the mice receiving the nonirradiated cells. The mitotic index was 
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much greater during the period of observation than in the controls 
(Fig. 2). The irradiated cells were much enlarged during the first 3 
days after irradiation and many of the mitotic figures were abnormal, 
showing fragmented chromosomes, lagging chromosomes and chromo- 
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Fic. 1. Changes in the total number of irradiated and nonirradiated free Krebs ascites 
tumor cells in the entire peritoneal fluid of the mouse. (Least squares lines are shown to 
represent the decrease in growth of the 4000 r and 6000 r irradiated cells.) 
some bridges. After 3 days the surviving cells became smaller with 
fewer abnormal mitotic figures. 


2. Effect of 4000 r. 


After 4000 r the number of tumor cells per mouse became progres- 
sively smaller with time. All tumor cells apparently were rendered 
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incapable of reproduction of a viable line of cells although cells in 
mitosis persisted 3 or 4 days. Irradiated tumor cells were extremely 
large and all mitotic figures were abnormal. Twenty-four hours after 
irradiation the mitotic index was approximately one-third of that of 
the nonirradiated cells; 48 hr. after irradiation it was greater. Then 
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Fic. 2. Mitotic index of irradiated and nonirradiated Krebs ascites tumor cells. 


the index decreased until at the end of 4 days it was 0. Since the 
number of tumor cells progressively decreased the abnormal mitoses 
must have been abortive. 

At 1, 2, and 3-day intervals after irradiation, about 2 per cent of 
the cells stained with eosin immediately after removal from the mice, 
an indication that tumor cells were dying faster than they were dis- 
appearing from the peritoneal cavity. None of the cells in the con- 
trols stained during this period. 
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3. Effect of 6000 r. 


The effect of 6000 r appears to be similar to that of 4000 r except 
that there was a lag in the appearance of the greatest number of 
mitotic figures. The similarity apparently indicates that 4000 r 
inflicts a maximum of damage and that the addition of 2000 r shows 


little further effect. 
DISCUSSION 


The 100% lethal dose of X-rays, under these experimental condi- 
tions, was between 2000 r and 4000 r. This is in agreement with the 
results of Révész (2) who found that the 100% lethal dose for the 
Ehrlich ascites tumor cell was between 3000 r and 4000 r although the 
conditions of irradiation were different. 

The depression in the growth curve of the 2000 r X-irradiated 
tumor cells during the first 24 hr. and the subsequent rise parallel 
to that of the nonirradiated tumor cells is open to at least two 
interpretations. 


(1) As a result of the irradiation large numbers of the tumor cells 
may have been dead or non-viable’at the time of inoculation of the 
mice so that the actual number of cells capable of reproduction was 
much less than in the inoculum of the nonirradiated cells. The viable 
implanted cells may or may not have grown as rapidly as did the 
nonirradiated cells but because of a smaller number, the growth curve 
is at a lower level. 

(2) Lethally damaged cells may have influenced the growth rate 
of the viable cells as Révész (2) found in irradiation experiments with 
Ehrlich ascites tumor cells. Since the proportion of the lethally 
damaged cells to viable cells apparently determines whether a stimu- 
lation or inhibition of growth of the viable cells occurs, one can only 
speculate as to the number of lethally damaged cells in the inoculum. 


SUMMARY 


Krebs 2 ascites carcinoma cells of the mice were X-irradiated in 
vitro at room temperature and then inoculated into mice. Their 
growth and mitosis were studied. Irradiation with 2000 r caused a 
marked depression in the growth curve in the first 24 hr., after which 
the growth curve paralleled that of the nonirradiated cells. The 
mitotic index increased and there were many abnormal mitoses. 
Irradiation with 4000 r and 6000 r completely inhibited growth of the 
tumor cells and all mitotic figures were abnormal. The total lethal dose 
was found to be somewhere between 2000 r and 4000 r. 
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ELECTROMAGNETIC ACCELERATING MECHANISMS FOR COSMIC RAYS * 
BY 
W. F. G. SWANN 


In a report presented at the International Cosmic Ray Congress, 
Guanajuato, Mexico, the writer has taken occasion to summarize the 
essential features of the accelerating mechanism first proposed by him 
in 1933, and extended in a series of papers of later dates. 

Further extension is now realized by a proof to the effect that if 
E is the electric and H the magnetic field, the condition, |E| > |H| 
at all points as a sufficient criterion for continual increase of energy, 
applies not only to the case of axial symmetry but with perfect gener- 
ality to all fields, with the exclusion of cases where the field passes 
through a zero value and there reverses its sign. 

The considerations developed in former papers and pertaining to 
the condition where a particle starts from rest at the instant when the 
currents generating magnetic fields are zero has been extended to the 
case where the currents are finite when the particle starts to acquire 
energy. Criteria have been established which enable one, in certain 
cases, to calculate lower limits to the energy acquired. Interesting 
examples are afforded by a case where the currents flow in‘an infinite 
solenoid and where they flow as in an anchor ring winding. In both 
of these cases, the external magnetic field is extremely small, unless 
the rate of change of current is large, but, nevertheless, significant 
electromotive force can be generated in typical cases and cosmic-ray 
energies acquired. 

* Assisted in part by the joint program of the U. S. Office of Naval Research and the 
U. S. Atomic Energy Commission. 


COSMIC-RAY OBSERVATIONS AT VERY HIGH ALTITUDES DURING 
PERIODS OF INTENSE SOLAR ACTIVITY f* 


BY 
M. A. POMERANTZ 


A detailed study of the records of balloon flights which were at 
very high altitudes during periods of important solar disturbances has 
been conducted. Nine interesting events have been examined and 
subjected to extensive statistical analysis. Four of these indicated 
enhanced cosmic-ray intensity associated with outstanding activity 
on the sun as manifested either by the occurrence of Ha flares or 
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distinctive r.f. radiation events. In five instances, however, no effect 
is observed to accompany major chromospheric eruptions. The results 
cannot be accounted for solely on the basis of the expected impact 
zones for charged particles originating at the sun. Efforts are in prog- 
ress to determine whether some recognizable fundamental differences 
between the two groups of flares exist. 

t Assisted in part by the joint program of the U. S. Office of Naval Research and the 


U. S. Atomic Energy Commission. 
* Abstract of a paper presented before the Congress on Cosmic Radiation, International 
Union of Pure and Applied Physics, Guanajuato, Mexico, September, 1955. 


NUCLEAR RESONANCE FLUORESCENCE IN Ni*® * 
BY 
F. R. METZGER 


Under favorable circumstances, the beta decay of Co® and the 
subsequent emission of a 1.17 Mev gamma ray supply the recoiling 
Ni® nucleus with enough momentum to restore the resonance condi- 
tion for the 1.33 Mev radiation. In a solid source of Co™, however, 
the recoiling Ni® nuclei are slowed down by collisions before the 1.33 
Mev gamma rays are emitted. The recoil due to the preceding radia- 
tion is, therefore, not effective, and resonance fluorescence cannot be 
observed. 

In a gaseous source of reasonably small pressure, the probability 
for collisions is negligible when compared with the probability for the 
emission of the 1.33 Mev radiation. The 1.33 Mev gamma rays are, 
therefore, emitted while the Ni® nuclei still move with the recoil 
velocities imparted to them by the beta decay and the emission of the 
1.17 Mev radiation. One, therefore, expects to observe a resonance 
fluorescence effect with a gaseous source of Co, provided the lifetime 
of the 1.33 Mev transition is shorter than ~10-" seconds. According 
to Bay, Henri, and McLernon (1), the mean lives of both excited states 
of Ni® are shorter than 10-" second; a nuclear resonance fluorescence 
effect should, therefore, be observable if suitable precautions are taken 
to eliminate collisions in the Co source. 

With a gaseous source of Co®Cl», we have observed a large resonance 
fluorescence effect from the 1.33 Mev level in Ni®. The preliminary 
data indicate that the half-life of this level is shorter than 10-” second, 
but longer than 10-" second. 

The large uncertainty in 7; is due to the use of a molecular vapor, 
for which the analysis of the recoil phenomena is rather involved. 
Experiments are underway to reduce the uncertainty in 7; to a small 
fraction of its present size. 

(1) Z. Bay, V. P. HENRI AND F. McLernon, Phys. Rev. Vol. 97, p. 561 (1955). 

* Assisted by the joint program of the U. S. Office of Naval Research and the U. S. Atomic 

Energy Commission. 
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STUDIES IN IONIC CONDUCTION IN SOLIDS* 
BY 


W. E. DANFORTH AND J. F. MARSHALL 


Information regarding the densities and mobilities of ions in solid 
materials is being sought by a method which appears not to have been 
used heretofore for the purpose. If a constant voltage is applied to a 
crystal which conducts by ions, or if a constant current is imposed, 
a polarization emf. appears. We are attempting to determine ion 
densities and mobilities by analysis of the rate of rise of the polariza- 
tion. The mathematical problem is cumbersome, but some simplifica- 
tion is effected by using data obtained at the initial instant of application 
of voltage and current. The ion densities which are at present com- 
puted for thorium oxide by this method are somewhat too large and 
the variation of initial slope of the polarization with temperature does 
not appear to conform qualitatively with the theory. 


* Supported by the U. S. Army, Office of Ordnance Research. 


BOOK REVIEWS 


PropucTION OF HeEAvy Water, edited by 
George M. Murphy. 394 pages, diagrams, 
16X24 cm. New York, McGraw-Hill 
Book Co., Inc., 1955. Price, $5.25. 


This book presents a detailed account of 
the development of processes for the sepa- 
ration of heavy water and the commercial 
production of heavy water undertaken by the 
Manhattan District in the years 1941-1946. 
The first part of the volume is a condensa- 
tion of the excellent report by J. O. Maloney 
and the late H. S. Ray on the commercial 
production of heavy water by the Manhattan 
District. This report gives the detailed his- 
tory of three of the processes investigated 
by the Manhattan District, with much in- 
formation on the design and operation of 
commercial plants which will be of interest 
to other groups wishing to use the same 
processes. The processes described are the 
catalytic exchange between hydrogen and 
steam based on electrolytic hydrogen, the 
distillation of water, and the distillation of 
liquid hydrogen. 

Part 2 of this volume contains a series of 
chapters describing the basic research work 
on these and other processes for heavy-water 
production which was conducted largely at 
Columbia University, under the direction of 
H. S. Urey, and at Princeton University, 
under the direction of H. S. Taylor. 

The book makes no mention of the dual- 
temperature, hydrogen-sulfide exchange proc- 
ess, which was also investigated by the Man- 
hattan District, and is now used by the 
USAEC for the primary concentration of 
heavy water. 

The individual chapters of this text are 
informative and well written and have been 
conscientiously edited for the present pub- 
lication. The principal shortcoming of the 
work is that it makes no mention of de- 
velopments in heavy water subsequent to 
1946. MANSON BENEDICT 


THE VIKING Story, by Milton J. Rosen. 
242 pages, 15 X 22cm. New York, Harper 
& Brothers, 1955. Price, $3.75. 


The significance of this book is heightened 
by the fact that the Department of Defense 
has recently signed a contract for the launch- 


ing into space of a series of earth satellites 
or moons. This contract places the respon- 
sibility on the Glenn L. Martin Company of 
Baltimore whose principal experience in the 
field of rocketry has been the production and 
operation of the Viking, hero of Milton J. 
Rosen’s story. 

The Viking Story is a tale of man vs. 
machine with a wholly unexpected quality of 
suspense that makes it a far more gripping 
narrative for the non-technically minded 
than the title would suggest. Intense and 
dedicated personalities are involved in the 
build-up to the successful climax, an Ameri- 
can-made rocket coasting silently, straight 
up, through the almost perfect vacuum of 
the outer atmosphere for minutes after the 
fierce thrust of the motor has died—up to 
a new world’s record of 158 miles above the 
earth. 

No group of men deserve more credit than 
the crews of experts in many specialties from 
both Martin and the Navy, particularly the 
Naval Research Laboratory, the “home port” 
of Milton Rosen who contributed to all 
phases and was in actual charge of the firings. 
This volume is so well written that they 
will not soon be forgotten, even with the 
current pace of developments on the rocket 
front. 

In view of the underlying popular demand 
that the United States beat the Russians into 
the sky with at least a moderately con- 
spicuous satellite, it is interesting to examine 
The Viking Story for evidence of our ability 
to do this. Under military security a whole 
new range of rocket techniques will be called 
on to get the baby moons into the sky. This 
much is certain: The highest officially an- 
nounced speed for any large scale American 
rocket (6300 ft. per second, the speed of the 
brilliant Viking II which set the altitude 
record) is nowhere near good enough. 

We have set ourselves a hard task and 
every reader of Rosen’s book will believe it 
is a very hard task. This country has under- 
taken to stack up an assembly of three 
rockets each with a performance markedly 
superior to the best efforts of the original 
Viking project. The largest, or first stage, 
rocket will presumably have to be far larger 
than any with which Americans have direct 
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experience. If the Russians have operational 
rockets of this size they are not talking. 
Not only will all three stages have to 
function in perfect sequence, but the average 
speed attained by each unit will have to be 
over 8000 ft. per minute. This is well within 
the potential of various fuel-motor com- 
binations under intense development, but on 
the basis of the record here set down the 
pitfalls in the path of optimum realization 
are rather frightening. That strong hearts 
and heads are determined to meet the dead- 
line set by the International Geophysical 
Year is encouraging, even stimulating. The 
magnitude of the undertaking can be judged 
from the stirring history of our best to date 
by Milton J. Rosen, who has done as much 
as any American to place mastery of space 
within our grasp. J. W. SrREETER 


LINEAR FEEDBACK ANALysIS, by J. G. 
Thomason. 355 pages, diagrams, 15 X 23 
cm. New York, McGraw-Hill Book Co., 
Inc., 1955. Price, $8.50. 


The term “feedback,” as used in this book, 
means the electrical engineering concept of 
returning a portion of the output signal of 
an amplifying device to its input. Doing this 
has many useful consequences in electric cir- 
cuits employed for the amplification of sound, 
control of machines, and computation. 

The subject of “feedback” has occupied the 
minds of electrical and communications engi- 
neers since the earliest use of electric oscil- 
lators. A formal analysis of the effect, then 
called regeneration, was presented in 1932 by 
the famed Nyquist of Bell Laboratories. 
This regeneration was positive feedback, 
taking a portion of the output of an amplify- 
ing circuit and applying it to the input in 
such phase as to strengthen the effect. 
Negative feedback became popular just as 
its benefit in reducing distortion of audio 
amplifiers was appreciated. Finally, the 
feedback of a complex error signal was 
studied, and the term, servomechanism, was 
born. H. L. Hazen of M.I.T. published his 
“Theory of Servomechanisms” in this Jour- 
NAL, in 1934. 

The brief history above gives a background 
for the subject of feedback, lest anyone be- 
lieve it new. Electrical control and com- 
munications engineers are of course familiar 
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with the long list of texts that have de- 
veloped the subject during the last two 
decades. Upon these solid and already rather 
complete foundations J. G. Thomason has 
prepared his book. In such a task it would 
indeed be difficult to know where to begin, 
for so much has already been done. Certain 
contributors have provided notable advances 
in the technique of analysis, as have Gardner 
and Barnes in their “Transients in Linear 
Systems.” Published in 1942, this work was 
a thorough development of transform meth- 
ods for solving control problems. Bode’s 
“Network Analysis and Feedback Amplifier 
Design” (1945) is also a source that Thoma- 
He apparently overlooked 
MacColl’s “Fundamental Theory of Servo- 
mechanisms” for no reference is made to it, 
even in the bibliography. There are also 
several recent books on control by Wm. 
Ahrendt, Robert Mayer, and others. 

There is much that is good in Mr. Thoma- 
son’s book, but the user should be cautioned 
that he must be either familiar with the sub- 
ject from previous training or be prepared 
to do a large amount of supplemental read- 


son uses freely. 


ing. The brief glimpses of the analytical 
methods leave much to be learned before 
one can apply these tools readily. The 


worked-out problems are good but are lim- 
ited in scope and do not include important 
mechanical components of systems. 

The fields of application which employ 
feedback principles have become highly spe- 
cialized. Work in these fields, particularly 
computation and control, is usually carried 
on by experienced engineers who started 
their specialization after a thorough ground- 
ing in general electronics. That is, it would 
be assumed that before taking up a special- 
ized study such as feedback analysis, the 
student would have already studied steady 
state circuit analysis and the design of 
amplifying stages. Therefore, it seems super- 
fluous to include chapters on these subjects 
as the author has done at the beginning of 
his book. Moreover, the manner in which 
they are treated has been necessarily brief 
and superficial owing to the confines of 
space. On the other hand, the author has 
done a tidy job in providing a text which 
should serve the instructor well in a brief 
course on feedback principles. 

C. W. Harcens 
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ProrectivE CoaTINGs For METALS, by R. M. 
Burns and W. W. Bradley. ACS Mono- 
graph No. 129. Second edition, 643 
pages, illustrations, 16X24 cm. New 
York, Reinhold Publishing Corp., 1955. 
Price, $12.00. 


This very factual monograph, though mak- 
ing no pretensions to being a manual, gives a 
rather detailed presentation of the theory, 
problems and methods used in protecting 
metal surfaces. Beginning with the “Prin- 
ciples of Corrosion and Errosion Control,” 
it proceeds logically to surface preparations 
through the various types of coatings and 
methods of application. Included are de- 
scriptions of the test methods for evaluating 
the parameters attendant upon acceptable 
performance. 

Whole chapters are devoted to discussions 
of the several metals used in protective coat- 
ing. The history, nature of the protective 
action, performance under various environ- 
ments and general values are presented in an 
interesting fashion. These coating materials 
are given: zinc, cadmium, nickel, chromium, 
copper, lead, aluminum, the noble and rare 
metals, and organic finishes. An addition: 
chapter is devoted to a discussion of special 
purpose coatings including vitreous coatings, 
among others. 

There are numerous tables, graphs and 
illustrations to interest the readers who seek 
data, and the chapter on surface preparation 
of the metals will benefit engineers con- 
cerned with treatments of metals generally. 
The methods described are those that are 
commonly used in surface preparation in 
industry. They include degreasing by means 
of solvent action and/or alkali action, ultra- 
sonic cleaning, descaling by acid pickling or 
abrasion, flame cleaning, etc. 

For the engineer or chemist who is con- 
cerned with the problem of corrosion, this 
book is an excellent guide and source of in- 
formation. S. N. MucHnick 


Tue CHEMISTRY OF PETROLEUM Hypro- 
CARBONS, edited by Benjamin T. Brooks, 
Cecil E. Boord, Stewart S. Kurtz and 
Louis Schmerling. Volume 2, 448 pages, 
diagrams, 16X24 cm. Price, $13.50. 
Volume 3, 690 pages, diagrams 16 X 24 
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cm. Price, $18.00. New York, Reinhold 
Publishing Corp., 1955. 


Volume 2 of this three-volume treatise is 
similar to Volume 1 in that it deals with 
petroleum from the physical chemical aspect 
rather than from the organic chemistry view- 
point. Whereas in the first volume the 
editors presented the origin and composi- 
tion of petroleum together with methods for 
separating, and the physical properties of, 
the various hydrocarbon constituents, the 
second volume deals with the mechanisms 
and variables associated with thermal and 
catalytic cracking. Volume 3 is devoted to 
the organic chemistry of petroleum hydro- 
carbons, and it is presented from the stand- 
point of reactions, reaction mechanisms, and 
derivatives. Obviously the chemistry of the 
derivatives is not included since they cover 
just about the entire field of organic chem- 
istry. However in some cases detailed dis- 
cussions of reactions are given, but are 
limited only to those areas where the infor- 
mation helps to shed more light on the basic 
structure of petroleum. 

More specifically, Volume 2 presents in- 
formation on the following subjects: 


(a) Mechanisms and conditions for, and re- 
sults from, thermal cracking of hydro- 
carbons together with the chemical com- 
positions of the end products, 

(b) Reaction rates, heats of formation, and 
the effect of the variables (temperature, 
pressure, contact time, catalyst type and 
activity, catalyst/oil ratio, feed stock 
type, etc.) in catalytic cracking, 

(c) Methods of upgrading low-grade stocks, 
and 

(d) Theory, mechanics, and mechanisms of 
the oxidation of hydrocarbons. 


One of the most interesting sections of 
this volume, in the opinion of the reviewer, 
was the chapter on upgrading low grade 
stocks by platforming, hydroforming, and 
aromatization. Platforming is a catalytic 
reforming process made up of a number of 
chemical reactions, but it is free of side 
reactions thus eliminating non-productive 
sections. Hydroforming is the interaction 
of hydrocarbons with hydrogen resulting in 
a cleavage of carbon to carbon bonds. 
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Aromatization is either the dehydrocycliza- 
tion of paraffins to aromatics or the dehydro- 
genation of naphthenes to aromatic hydro- 
carbons. 

The contents of Volume 3 can be classified 
under the following headings: 


(a) Isomerization of saturated and unsat- 
urated hydrocarbons, 

(b) Halogenation and nitration of, and com- 
plex formation with, paraffins and 
cycloparaffins, 

(c) Olefin polymerization, 

(d) Condensation and substitution reactions 
with olefins and aromatics, 

(e) Sulfonation and vitration of aromatic 
hydrocarbons, 

(f) Hydrogenation of cracked oils, catalytic 
naphtha, catalytic cycle stock, and shale 
oil, and catalytic hydrogenation of 
hydrocarbons, 

(g) Chemistry of natural 
rubbers, 

(h) The formation of polymer gasoline, and 

(i) The oxo-reaction (formation of alde- 
hydes from the reaction of carbon mon- 
oxide, hydrogen, and an olefin). 


and _ synthetic 


The most interesting section in this volume, 
from the standpoint of the commercial pos- 
sibilities involved, is the chapter on polymer 
gasoline. The formation of polymer gaso- 
line is a process by which normally gaseous 
olefins are polymerized, hydrogenated, and 
alkylated to form gasolines for aviation and 
automible use. 

It is very difficult for the writer to review 
these volumes critically since there is so 
much to praise and so very little to criticize. 
The Chemistry of Petroleum Hydrocarbons 
most definitely fills the need in a field that 
has already outgrown its expected bounds. 
The editors have very skillfully managed 
to sieve the plethora of available information 
on this subject and come out with a neat 
package containing the facts of most im- 
portance to the workers in the field. Even 
though each of the volumes in the series can 
stand by itself, one must recommend all 
three since this treatise obviously will soon 
become a reference work or handbook for 
the field. D. H. Russeti 


Book REVIEWS 


553 


ScieNTIFIC METHOD IN PsycHOLocy, by 
Clarence W. Brown and Edwin E. Ghiselli. 
368 pages, 16 X 24 cm. New York, Mc- 
Graw-Hill Book Co., Inc., 1955. Price, 
$6.00. 


Since psychology is a fairly recent in- 
clusion in the roster of scientific disciplines, 
considerable time and effort have been spent 
by psychologists in either presenting argu- 
ments to strengthen psychology’s position as 
an accepted scientific discipline or else in 
suggesting rituals for thinking, which if fol- 
lowed by their less sophisticated colleagues, 
will result in psychological research of scien- 
tific validity. This book takes the second of 
these two courses and suggests rituals and 
techniques, which if followed, should result 
in scientifically acceptable research. This is 
a useful contribution to the education of 
young scientists for it enables them to fill 
in the detail in the scientific picture sketched 
by the leaders in the scientific field. Valuable 
as training in mechanics and technique is, 
and what chemist would deny the value of 
learning to use equipment and to design ex- 
periments, scientific progress requires the 
creative intuition of leaders to boldly sketch 
the outline of the expanding and changing 
picture later to be filled in and detailed by 
their less gifted followers. Unfortunately, 
a text listing the procedures to be followed 
to insure scientific creativity has yet to be 
written. 

The authors have discussed several so- 
called postulates of the scientific method, and 
it is hard to agree with certain of their 
choices. For example, the postulate of de- 
terminism is a weak foundation for any 
modern science. A major advancement took 
place in physics when statistical relations 
between events supplanted the classical no- 
tions of deterministic causality. Another 
postulate is entitled the “Concept of im- 
mutable laws.” With regard to this postulate 
it is stated in the text on page 21 that: “For 
our purposes the important point is that 
natural phenomena, in the main, change 
slowly and consequently the laws governing 
their expression need to be changed only 
infrequently.” This statement is absurd since 
it is our descriptions of nature that change, 
and not nature herself. Our descriptions of 
nature need not be slowly varying, and, in 
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fact, rarely are. Innovations generally in- 
volve_ radical assumptions; such as 
Planck’s quantum hypothesis, for example. 
The last postulate with which I would 
quarrel is entitled the “Reliability of reason- 
ing.” The authors do not make the point 
that our syllogistic logic, or in fact all verbal 
logic is derivative, in a from the 
structure of the language used. The limits 
and pitfalls of verbal reasoning are of special 
importance to psychologists who, as a group, 
rarely use symbolic logic systems. 

In general this text is valuable reading. 
There are many fine discussions of the va- 
riables which must be controlled in a psycho- 
logical experiment. It would do engineers 
a world of good were they to read these 
sections and thus gain some sophistication 
in the design of multivariable experiments. 
Statistical inference is treated on mainly a 
verbal level, but this is no shortcoming, since 
many adequate statistics texts are available. 
In summary, the technical aspects of the 
scientific method have been well handled, but 
the more philosophic basis for modern 
science suffers by comparison. 

Ezra S. KrENDEL 
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HANDBUCH DER MIKROCHEMISCHEN METH- 
ODEN, Bann II, edited by F. Hecht and 
M. K. Zacherl. 423 pages, diagrams, 18 X 
25 cm. Wien, Springer-Verlag, 1955. 
Price, $19.30 (20% discount when whole 
encyclopedia is purchased). 


There are five volumes in the complete 
Handbuch. Volume I contained the follow- 
ing contributions: Preparative Micro Meth- 
ods in Organic Chemistry; Microscopical 
Methods; Biochemical Methods Including 
Medical Procedures ; Microchemical Methods 
in the Food Industry. Volumes 3 to 5 will 
present Inorganic Analytical Methods, Or- 
ganic Analytical Methods, Polarographic 
Methods and Micro Methods for the De- 
termination of Constants in Physical Chem- 
istry. The present Volume 2 contains three 
contributions which will be discussed sepa- 
rately. 


1. Application of Radioactivity in Micro- 
chemistry, by E. Broda and T. Schonfeld. 


Due to the high sensitivity with which 
radioactive substances can be detected by 
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means of their radiation, the radiochemical 
analysis is extremely sensitive. Therefore 
it is best used in microchemistry. After an 
historical introduction, two separate ways 
of applying marked atoms are pointed out, 
namely the analytical and the _ kinetical 
methods. While the analytical methods are 
much sensitive than other methods, 
they do not do anything more that could 
not eventually be achieved by conventional 
means. The kinetic applications, however, 
produce results which cannot be obtained 
by any other method known today. A clas- 
sical example of the latter method is 
Hevesy’s investigation of the exchange of 
lead between the metal electrode and the 
lead ions in solution. This meant that it 
was possible for the first time to study the 
exchange, migration or transport of identical 
atoms. 

In the second chapter the fundamentals 
of radioactivity are discussed. This is fol- 
lowed by a third chapter on the chemical 
behavior of radioactive substances. Then 
all the different applications of radioactivity 
to the chemical analysis are described such 
as the Indicator Analysis, Analysis with 
Radioactive Reagents, Method of Isotope 
Dilution, Activation Analysis and the Anal- 
ysis by Radiation Absorption and Scattering 
on the Nucleus. Special emphasis is given 
to the outline of the experimental limits. 
The use of radioactive indicators or the 
activation analysis often raises the sensi- 
tivity by several decades as compared -with 
other methods. Analyses which yielded 
only inaccurate results due to incomplete 
separations of the components could be es- 
sentially improved by the application of the 
method of isotope dilution. In many cases 
the radiochemical methods aid in the de- 
velopment and checking of other analytical 
methods. An important advantage of radio- 
chemical analysis is the ease with which it 
can be applied and its non-destructiveness. 
There is also a discussion of the chemical 
behavior of minute amounts of substance and 
the resulting procedures for the separation 
and purification of radioactive elements. 
Here the methods of ion exchange, selective 
solvents and complex formation which just 
recently became of high importance, are 
treated. Finally separate paragraphs are 


more 


devoted to the work with individual radio- 


Dec., 1955.] Book 


active elements and to the biological effect 


of radioactive radiation and its health 
hazard. 

2. Measurement of Radioactive Radia- 
tion in Microchemistry, by T. Bernert, B. 
Karlik, and K. Lintner. 

After a brief presentation of the theoretical 
background, the Ionization Chamber, the 


Counters, and the more sensitive Scintilla- 
tion-, Crystal-, and Spark-Counters are dis- 
cussed in separate chapters. The authors 
do not expect the microchemist to be fa- 
miliar with the different procedures used in 
measuring radioactive radiation. They dis- 
cuss thoroughly the different methods used 
for measuring radioactivity in order to aid 
in the selection of the proper apparatus to 
be used for a specific task. Methods which 
are especially useful in micro chemistry are 
emphasized by practical examples. This 
will help the micro chemist to interpret his 
measurements and to avoid sources of error. 


3. Photographic Methods in the Radio- 
chemistry, by H. Lauda. 


Today photographic emulsions are avail- 
able which permit the detection of alpha and 
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beta radiators as well as such elements 
which produce suited nuclear _ reactions. 


Thereby the detection can be of a qualitative 
as well as quantitative nature. Very appeal- 
ing is the fact that this method requires a 
negligible amount of apparatus. This per- 
mits the method to be used by laboratories 
which are otherwise not equipped to meas- 
ure radioactivity. Due to the integrating 
effect of the photographic emulsion, this 
method is particularly suited for very weak 
activities. Besides this, radiation centers can 
be localized much better than with other 
methods. This is important for the detec- 
tion of radioactive isotopes in minerals and 
in microtuned sections. As in the previous 
contributions, the physical contepts are dis- 
cussed first. Then practical advice is given 
for the selection of the right emulsions and 
on the development and evaluation. Sources 
of errors are discussed. Finally the different 
methods and applications are treated. 
Extensive literature references are given 
at the end of each chapter throughout the 
book. Author and subject indexes conclude 
the volume. The authors are to be con- 
gratulated for making this book a most val- 
uable guide through this extremely interest- 
ing subject. Kart SITTEL 
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Tue ForesEEABLE Future, by Sir George 
Thomson. 166 pages, 14X22 cm. New 
York, Cambridge University Press, 1955. 
Price, $2.50. 


The author, son of Sir J. J. Thomson, is a 
scientist in his own right. In this compact, 
but provocative book, he analyzes several 
broad fields of technology to predict what 
will happen to them in the next hundred 
years. He covers these subjects: energy and 
power (what will happen when oil and coal 
supplies are exhausted) ; materials (sailing- 
ship, transparent buildings of enormous 
strength) ; transportation and communica- 
tion (self-driven vehicles and “conventions” 
where those in attendance are seated at their 
own desks); meteorology (weather pre- 


diction by radiosonde) ; food (manufactured 
instead of grown); biology (monkeys may 
work animals). 


be useful Chapters. on 


NOTES 


“Some Social Consequences” and “Thought, 
Artificial and Natural” complete this fasci- 
nating look at our technological future. 


TECHNICAL PUBLICATIONS, by C. Baker. 
302 pages, diagrams, 14X21 cm. New 
York, John Wiley & Sons, Inc., 1955. 


Price, $6.00. 


In this “paper” age of reports and more 
reports, the author of this volume feels that 
the answer is not fewer, but better, reports. 
The need for technical literature is obvious ; 
this book offers help to the authors of tech- 
nical literature, toward making their writ- 
ings more concise, more interesting, and 
more apt to be read. After describing sev- 
eral kinds of technical publicity and dis- 
cussing ways to meet the user’s needs, the 
book offers definite and valuable suggestions 
on the use of words and the value of illus- 
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trations. An informative chapter on the 
various methods of reproduction should be 
of interest to reproduction department heads. 
An equally detailed chapter on copy prepa- 
ration, proof reading and final production 
should be read by all authors. The book, 
beautifully printed and illustrated, could be 
read with profit by all reporters of scientific 
subjects, by all authors of technical papers 
and reports, 


INTRODUCTION TO CHEMICAL ENGINEERING, 
by Walter L. Badger and Julius T. 
Banchero. 753 pages, diagrams, 16 X 24 
cm. New York, McGraw-Hill Book Co., 
Inc., 1955. Price, $9.50. 


Designed as an introduction to unit opera- 
tions, this text aims to give the student a 
solid foundation in chemical engineering. 
Both theory and engineering applications are 
covered, in a logical sequence. Prerequisites 
for the course are a working knowledge of 
chemistry, a one-year college course in 


Book NorTEs 


J. F. 1 


physics, calculus, the fundamentals of thermo- 
dynamics, and an elementary knowledge of 
machine parts and construction. In the il- 
lustrations, actual detailed construction is 
emphasized, rather than diagrammatic 
sketches. 


HANpbBooK oF Hyprocarsons, by S. W. Fer- 
ris. 324 pages, 16X24 cm. New York, 
Academic Press, Inc., 1955. Price, $8.50. 


Composed of four tables, this handbook 
should be valuable to all those working with 
hydrocarbons. Table A lists hydrocarbons 
in the order of their known boiling points. 
Table B arranges hydrocarbons in groups 
of the same empirical formula and the same 
type (alkanes, alkenes, alkynes, cyclanes, 
cyclenes, cyclynes, aromatics). Table C 
lists alternate names alphabetically, cross- 
referenced to Table B, for those whose ter- 
minology differs from that of the compiler. 
Table D is an alphabetical listing of the 
numbered formulas of various hydrocarbons. 


PUBLICATIONS RECEIVED 


ELECTRONIC AND RADIO ENGINEERING, by Frederick E. Terman. 
New York, McGraw-Hill Book Co., Inc., 1955. 
PRACTICAL MATHEMATICS REFRESHER, by William D. Reeve & Clarence E. Tuites. 


diagrams, 16 X 24 cm. 


Fourth edition, 1078 pages, 
Price, $12.50. 
376 pages, 


diagrams, 15 X 23cm. New York, McGraw-Hill Book Co., Inc., 1955. Price, $3.25. 


RADIO OPERATING QUESTIONS AND ANSWERS, by J. L. Hornung and A. A. McKenzie. 


Twelfth 


edition, 571 pages, diagrams, 14 X 21 cm. New York, McGraw-Hill Book Co., Inc., 


1955. Price, $4.50. 


HAWLEY’s TECHNICAL SPELLER, compiled by Gessner G. Hawley and Alice W. Hawley. 
New York, Reinhold Publishing Corp., 1955. Price, $2.95. 

THE WAR IN THE PACIFIC. 
GILBERTS AND MARSHALLS, by Philip A. Crowl and Edmund G. Love. 
illustrations, 17 X 25 cm. Washington, D. C., Department of the Army, 1955. 


pages, 13 X 19 cm. 
UnITED STATES ARMY IN WoRLD War II. 


$5.75. 
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SEIZURE OF THE 
414 pages. 
Price, 


SoIL AND WATER CONSERVATION ENGINEERING, by Richard E. Frevert, Glenn O. Schwab, 


Talcott W. Edminster, and Kenneth K. Barnes. 


479 pages, diagrams, 15 X 22 cm. 


New York, John Wiley & Sons, Inc., 1955. Price, $8.00. 


INDUSTRIAL FURNACES, VOLUME II, by W. Trinks. 
diagrams, 15 X 23cm. New York, John Wiley & Sons, Inc., 1955. 


Third edition, 358 pages, illustrations, 
Price, $10.00. 


INTRODUCTORY NUCLEAR Pauysics, by David Halliday. Second edition, 493 pages, diagrams, 


14 X 2icm. New York, John Wiley & Sons, Inc., 1955. 
DEVELOPMENT AND APPLICATION, by H. C. Geppinger. 


DIMENSIONAL MOTION TIMEs. 


Price, $7.50. 
100 


pages, diagrams, 22 X 28cm. New York, John Wiley & Sons, Inc., 1955. Price, $4.00 


(paper). 


THE EXPRESSION OF THE EMOTIONS IN MAN AND ANIMALS, by Charles Darwin, with a preface 
by Margaret Mead. New edition, 372 pages, illustrations, diagrams, 13 X 21 cm. 


New York, Philosophical Library, 1955. 


New York, Philosophical Library, 1955. 


Price, $6.00. 
CELESTIAL NAVIGATION FOR YACHTSMEN, by Mary Blewitt. 
Price, $2.75. 


64 pages, diagrams, 12 XK 18 cm. 
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Magnetic Refrigerator—A new- 
type refrigerator that will maintain 
lower temperatures than any previous 
apparatus has been developed at Ar- 
thur D. Little, Inc., Cambridge, Mass. 
The temperature produced in this ma- 
chine—approximately 500 deg. colder 
than those of the refrigerator in your 
kitchen—comes to within a fraction of 
a degree of the coldest temperature that 
scientists believe can ever exist. The 
interior of the refrigerator would be 
even colder than the remote depths of 
outer space. 

Spokesmen for the company explain 
that the design represents a major de- 
parture from ordinary refrigerating 
systems. It is based on a cyclic prin- 
ciple of magnetic cooling originated 


by Drs. John G. Daunt and Clifford 
V. Heer of the Ohio State University. 

There are no moving parts or flow- 
ing fluids in this cooling system. It 
uses, instead, a plastic capsule three 
inches long, containing a special chemi- 


cal salt as the refrigerant. Operation 
of the refrigerator is controlled en- 
tirely by external magnetic fields. 

The principle of magnetic cooling 
—the fact that certain materials will 
warm up when magnetized and cool 
when demagnetized—has been used for 
several years in a few cryogenic (low 
temperature) laboratories for achiev- 
ing extremely low temperatures in the 
range of Absolute Zero (—459.6° F.). 
This is the first apparatus, however, 
that has been able both to produce 
these extreme low temperatures and to 
maintain them for long periods of time. 
All previous equipment would immedi- 
ately begin to warm up as soon as the 
low temperatures had been reached. 


The ADL Magnetic Refrigerator is 
believed to represent the first com- 
mercial application of the phenomenon 
called “superconductivity.” This is a 
change that certain metals undergo at 
very low temperatures in which they 
lose all resistance to an electric cur- 
rent. Hence the term, “superconduc- 
tivity.” At the same time, metals in 
the superconducting state act essen- 
tially as thermal insulators but conduct 
heat readily when not showing the 
superconducting effect. It is this 
thermal phenomenon of superconduc- 
tors that is employed in the new ADL 
machine. 

Company spokesmen said that the 
ADL Magnetic Refrigerator will en- 
able scientists to carry out many new 
experiments aimed at getting a better 
understanding of the basic laws of 
matter. They explained, for example, 
that many of the more subtle changes 
going on in atoms and molecules are 
difficult to measure at ordinary tem- 
peratures because these tiny bits of 
matter are constantly darting and danc- 
ing about. But, at extremely low tem- 
peratures near Absolute Zero, atoms 
and molecules become quiet and can 
be more easily studied. 

The Magnetic Refrigerator will com- 
plement the work of another product 
of ADL’s extensive experience with 
low temperature equipment—the ADL 
Collins Helium Cryostat, a machine 
for making liquid helium. The Cryo- 
stat is now used in more than 75 per 
cent of the nation’s low-temperature 
laboratories. The magnetic refriger- 
ator is now available as a companion 
to the Cryostat for exploring the mys- 
teries of the low temperature world. 
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Compact, Low-Priced Graphic Re- 
corder.—A_ portable, modestly-priced 
graphic recorder, capable of widespread 
applications in the recording of data, 
has been introduced into the Varian 
line of equipment, according to a recent 
announcement by Dr. Russell H. 
Varian, president of Varian Associates, 
Palo Alto, Calif. The lightweight, 
compact Model G-10 Graphic Recorder 
has dimensions of 10 in. X 74 in. X 
8 in. It may be used directly as a 
recording millivoltmeter or, with ap- 
propriate transducers, as a means for 
recording pressure, light intensity, tem- 
perature and many other physical quan- 
tities. The recorder is designed to 
conform to rigid electrical and me- 
chanical specifications. 

According to the manufacturer, the 
new, 15-Ib. Model G-10 is the first in- 
strument of its kind which combines 
practical low-cost with the operating 
characteristics necessary for dependa- 
ble recording of scientific phenomena. 
The instrument is of the self-balancing 
potentiometer type, and features a 
standard full-scale response time of 2.5 
seconds and a standard sensitivity of 
100 millivolts full-scale. Accuracy is 
1 per cent and maximum allowable 
signal source resistance is 0.5 megohms. 


Paper Tubular Capacitors.—Cor- 
nell-Dubilier (South Plainfield, N. J.) 
announces immediate availability of its 
new Royal Cub paper-dielectric ca- 
pacitor designed to combine advantage- 
ous new electrical features for high 
temperature and high stability op- 
eration with exceptional mechanical 
toughness and long-life characteristics 
achieved by the use of Polykane—a 
solid thermosetting compound devel- 
oped exclusively by C-D engineers. 

Polykane enables the Royal Cub to 
withstand rough handling, severe vibra- 
tion and shock, climatic extremes of 
heat and cold, moisture and humidity, 
and soldering iron heat without dam- 
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age to the case material, moisture seal, 
wire lead connections, or over-all elec- 
trical performance. 

The new Royal Cub was created spe- 
cifically to meet the demand of general- 
purpose, severe-service applications 
where high-temperature operation, high 
stability, and smallest possible sizes 
are required at economical cost. 

The Polykane-impregnated capacitor 
sections of C-D’s Royal Cub operates 
over a temperature range of —55° C. 
to: +100° C. at full-rated voltage. 
Average capacitance-temperature vari- 
ation is only 5 per cent from the 25° 
C. value. Insulation resistance at 25° 
C. exceeds 4,000 megohms-mfd., with 
power factor less than 1 per cent. 

Royal Cub is available in 100, 200, 
400, 600, and 1,000 volts D.C. working, 
and capacitances from .001 to 1.0 mfd., 
depending on voltage. 


Alternator for Guided Missiles 
and Aircraft.——A new 400-cycle, 12,- 
000 rpm. alternator for application on 
guided missiles and aircraft has been 
announced by the General Electric 
Company’s Specialty Component Motor 
Department. Designed to meet ex- 
treme environmental requirements for 
periods of short duration, the alter- 
nator can be driven by a wide variety 
of prime movers, including d.c. motors, 
jet air drives and turbines, using either 
solid or liquid propellants. Although 
the unit weighs less than fifteen 
pounds, a further weight reduction can 
be made by substituting an AND 
10261-type mounting pad for the nor- 
mal AND 20001 pad. 

Capable of continuous operation, the 
alternator contains a stabilized alnico 
permanent magnet field and can be 
rated as high as 2000 volt-amperes at 
unity power factor. It is a three-phase, 
115 volt, wye-connected unit. Flexible 
both in construction and application, 
the alternator can be manufactured to 
produce more output when required, 
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Air Dryer.—A new air dryer, origi- 
nally developed for use with a precision 
infrared spectrophotometer, is now 
available from Beckman Instruments, 
Inc. Fully automatic, the air dryer 
delivers air with less than 1 per cent 
relative humidity. It can be used with 
infrared spectrophotometers; in low 
temperature studies to prevent mois- 
ture fogging glassware, windows or 
mirrors ; in balance enclosures or wher- 
ever reactions must be carried on under 
moisture-free conditions. 

A 24-hr. instrument, the air dryer 
employs activated alumina as drying 
agent. The dryer will deliver 100 cu. 
ft. of dry air per hour all day long, 
then regenerate automatically at any 
selected time. During regeneration, 
the main blower turns off, the alumina 
is heated to 400° C. and the moisture- 
laden air is discharged to atmosphere. 
When regeneration is complete, the 
operating cycle begins again automat- 
ically. 


Electronic Gauge Used by Blind. 
—The magic of electronics is allowing 
blind people to carry out successfully 
the precision testing of close tolerance 
production parts at Burroughs Cor- 
poration’s main plant in Detroit. Using 
an ultra-sensitive electronic sound 
gauge, developed by Burroughs manu- 
facturing engineers, blind employees 
will be able to test quickly and ac- 
curately the thousands of precision 
parts the corporation produces for use 
in its business machines and equip- 
ment, engineers said. 

The sound gauge, under test by Bur- 
roughs for some time, was demon- 
strated before production experts by 
Charles D. Sullivan, employment spe- 
cialist for the Michigan Social Welfare 
Commission and Nick Sotnick. Both 
men are sightless. Each learned to 
operate the gauge with approximately 
five minutes of instruction. 
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“This is one more important step in 
behalf of the blind,” Sullivan declared 
following the demonstration. “It has 
tremendous possibilities.” 

The gauge, about the size of a tele- 
phone, is connected by cable to an 
amplifier and measures accurately to 
0.0002 in. Production parts are in- 
serted into a measuring anvil. A thick- 
ness reading is taken electronically. 
The reading is indicated on a dial and 
at the same time is transformed into a 
sound tone, as well as a visual light 
signal. 

The blind operator, wearing a head 
phone similar to that of a hearing aid, 
hears a low pitched tone for parts that 
are under the proper thickness and a 
high pitched tone for those parts over 
the required thickness. Parts meeting 
the requirements produce no tone at all. 

Engineers point out the flexibility of 
the device indicates other uses can be 
easily adapted. It is comparatively 
inexpensive to produce and virtually 
foolproof in operation. 


Sun Supplies Power for Telephone 
Line.—On October 4, for the first 
time, the sun—ultimate source of all 
the power which man has at his dis- 
posal—began furnishing power directly 
to a telephone line. At 10 a.m., Bell 
engineers switched solar power into a 
new type of rural telephone system 
using the Bell Solar Battery, an in- 
vention of Bell Telephone Laboratories 
announced last year. Use of solar 
power is a part of experiments being 
conducted near Americus, Ga., 135 
miles south of Atlanta, to develop more 
and better rural telephone service. 

George L. Mathews, a cotton and 
peanut farmer, made the first sun- 
powered telephone call and remarked 
that it sounded “just fine.” 

The Bell Solar Battery is the first 
successful device to convert the sun’s 
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energy directly and efficiently into sub- 
stantial amounts of electricity. It is at 
least fifteen times more efficient than 
the best previous solar energy con- 
verters. 

Excess current from the solar unit 
not needed for immediate telephone 
use feeds into a storage battery which 
provides power at night and over pe- 
riods of bad weather. 

The solar battery has no moving 
parts or corrosive chemicals and there- 
fore should last indefinitely. Even in 
poor light, it will continue to charge 
the storage battery but at lower power. 

The telephone system, under trial at 
Americus in co-operation with South- 
ern Bell Telephone Co., uses transistors 
instead of traditional vacuum tubes. 
The transistor, invented at Bell Lab- 
oratories and announced seven years 
ago, requires only small amounts of 
power. 

The new system uses the “carrier” 
principle which allows several con- 
versations to be sent simultaneously 
over a single pair of wires. Since each 
conversation is sent at a different fre- 
quency, they do not interfere with 
each other. Multifrequency transmis- 
sion has been used for years—with 
vacuum tubes—on longer distance calls. 
The system on trial at Americus, how- 
ever, operates economically over shorter 
distances such as those on rural tele- 
phone lines. 

Since the solar battery is still very 
new, long-range predictions are difficult 
to make. It might be used economi- 
cally for communication uses where 
commercial power is unavailable and 
where small amounts of power are 
sufficient. Bell hopes to find out from 
this trial whether or not solar power 
can be used for rural telephone equip- 
ment. 

The solar battery being used for the 
Americus trial is encased in an alumi- 
num housing less than a yard square. 
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It contains 432 silicon cells, cushioned 
in oil and covered by glass. Silicon 
cells can convert as much as 11 per 
cent of the energy they receive from 
the sun directly into electrical power— 
a performance comparable to that of 
the best gasoline and steam engines. 

Specially-prepared silicon used for 
the cells is obtained originally from 
common sand, one of the world’s most 
abundant materials. Silicon is a semi- 
conductor, with properties similar to 
germanium, the material used in most 
transistors. 

The Bell Solar Battery uses disks of 
wafer-thin silicon about the size of 
quarters. These cells are extremely 
sensitive to light and can be electrically 
linked together to deliver power at the 
rate of 100 watts per square yard of 
effective surface. 

A “diffusion” technique developed at 

3ell Laboratories is used for producing 

these silicon cells. A thin slice of very 
pure silicon is treated under gas at 
high temperatures. This permits the 
controlled introduction of certain im- 
purities into the atomic structure at the 
surface of the silicon. This is done at 
a precise rate to reach a depth of less 
than one ten-thousandth of an inch. 
The boundary created in the cell be- 
tween the two different regions of elec- 
trical conductivity is referred to as a 
“p-n junction,” and is the heart of the 
device. 


Automation in the Accounting 
Department.—A development model 
of the Burroughs “Sensitronic,” which 
brings a high degree of automation to 
bank and general posting, was shown 
recently for the first time at the Ameri- 
can Bankers Association convention in 
Chicago. 

The device is an additional com- 
ponent in a series of machines for 
automatic bank check handling and 
bookkeeping now in various stages of 
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development and testing by Burroughs 
Corporation of Detroit. Burroughs 
and a subsidiary, The Todd Company 
of Rochester, N. Y., exhibited three 
units designed for automatic check 
handling—an imprinter, a coder and a 
sorter—in their exhibits at the Conrad 
Hilton Hotel. Development of these 
machines was disclosed several months 
ago in a joint announcement made by 
Burroughs, Todd and Addressograph- 
Multigraph Corporation of Cleveland. 

The Sensitronic combines electro- 
mechanical and electronic principles to 
perform several posting operations 
without assistance from the operator, 
thereby eliminating the possibility of 
human error in those particular opera- 
tions. 

A magnetic code stripe on the back 
of the form is utilized to give instruc- 
tions to the machine. When the op- 
erator drops the form into the carriage, 
the machine adjusts the sheet so that 
there is proper vertical and horizontal 
alignment with the last previously 
printed item. This assures neater, 
easier to read statements than have 
been possible before. 

At the same time, the machine acts 
on instructions from the stripe to print 
the old balance. When entries are 
made by the operator, those items also 
are printed on the sheet. The machine 
automatically computes and prints the 
new balance and also records it mag- 
netically on the stripe for future post- 
ing. After the operation is completed, 
the machine automatically ejects the 
form. 

As an added guard against error, the 
account number also can be coded on 
the stripe. At the time the posting is 
to be made, the operator can index 
into the machine the last few digits of 
the account number. The machine 
will compare this number with the ac- 
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count number on the stripe. If the 
numbers match, the Sensitronic will 
carry out the posting operations. If 
the numbers do not match, the machine 
locks automatically, thus preventing 
error in posting to the wrong account. 

Another device, employing electronic 
principles, the “Bank-o-Matic,” also 
was announced at the ABA show. The 
“Bank-o-Matic” presents a new prin- 
ciple of commercial bookkeeping, utiliz- 
ing a punched paper tape as input of 
account numbers, activity and balances. 
Operating with checks and deposits 
coded with invisible signals, account 
activity and balances are updated on 
output tape, a complete daily transcript 
of all accounts is prepared and an au- 
tomatic trial balance obtained. In ad- 
dition, the “Bank-o-Matic” prepares 
all statements automatically on cycle 
dates or at month-end. 

It is expected that these two ma- 
chines, at two different levels of auto- 
mation for banking operations, will 
provide bankers an opportunity to se- 
lect the best machines for their needs. 
Within the next few months, field tests 
will be started on these devices in an 
eastern bank. 


Capt. Cook’s Cloaks Get a Clean- 
ing.—Priceless cloaks made from the 
tiny feathers of extinct Hawaiian birds, 
which were presented to Captain Cook 
before his death in Hawaii, recently got 
their first cleaning in 176 years. One 
of the cloaks is said to have taken a 
century to make, so the cleaning proc- 
ess was necessarily a delicate opera- 
tion. As a cleaning compound, ex- 
perts selected a mixture of oil-based 
synthetic detergents and plain water. 
The gentle-acting suds brought out the 
original brilliant reds and yellows of 
the cloaks. 
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